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In preparing the following little work, we had three objects 
in view: first, a collection of useful hydmulic formulae; 
secondly, a collection of experimental results, and coeffi- 
cients ; and, thirdly, a collection of useful practical tables, 
some calculated entirely from the formulae and experiments, 
and others for the purpose of rendering the calculations more 
easy. 

The Tables at the end of the volume are all original, with 
the exception of Table I., which contains the well-known 
coefficients of Poncelet and Lesbros ; but those are newly 
arranged, the heads reduced to English inches, and the coeffi- 
cients for heads measured over and back from the orifice, 
placed side by side, for more ready comparison. The coeffi- 
cients in the small Tables throughout the work have been all 
calculated by us from the original experiments ; the formulae 
have been carefully examined, and the continental ones re- 
duced to English measures — some of them, as will be seen, 
for the first time. No labour has been spared in preparing 
the Tables, and they are all purely hydraulic, though some 
of them are capable of being otherwise applied. We have 
filled no gap by the introduction of Tables applicable to other 
subjects, and in every-day use. 

The correction of some of the experimental formulae, par- 
ticularly the continental ones, as printed in some English 
books, cost us sonre labour. Even Du Buat's well-known 
formula is frequently misprinted ; and in a late hydraulic 

work, v/rf— *1> one of the factors, is printed ^/d — "1 in 
every page where it is quoted. It is not always that such 
mistakes can be avoided, but experimental formulae are so 
often copied from one work into another without sufficient 
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examination^ that an error of this kind freqaently becomes 
fixed ; and when applied to practical purposes erroneous for- 
mulae get the correct ones into disrepute. See note to for- 
mula (91), p. 113. 

The Tables of velocities and dischai^es over weirs and 
notches have been calculated for a great number of coeffi- 
cients to meet different circumstances of approach and over- 
fall, and for various heads from ^th of an inch up to 6 feet. 
Table II. embodies the velocities acquired by falling bodies 
under the head of ** theoretical velocity/' and the velocities, 
suited to various coefficients, for heads up to 40 feet. 

The formulse for calculating the effects of the velocity of 
approach to orifices and weirs, and the necessary corrections 
for the ratio of the channel to the orifice, as well as Table V., 
we believe to be original. They will be found of much value 
in determining the proper coefficients suited to various ratios. 
The remarks throughout Section IV. are particularly appli- 
cable to the proper nse of this Table. 

Table VII. of surface and mean velocities will be found to 
vary from those generally in use, and to be much more correct, 
and better suited for practical purposes, particularly as applied 
to finding the mean velocities in rivers. 

We have extended Table VIII. so as to make it directly 
available for hydraulic mean depths, from -j^g^th of an inch to 
12 feet, and for various hydraulic inclinations, even up to ver- 
tical, for pipes. The fall in rivers seldom exceeds 2 or 3 feet 
per mile, or the velocity 6 or 6 feet per second. The exten- 
sion of the table for great inclinations, and consequently great 
velocities, was made for purposes of calculation, and to 
include pipes. It must be understood throughout this Table 
that the velocities are those which continue unchanged for 
any length of channel, viz., when the resistance of friction 
is equal to the acceleration of gravity, the moving water and 
channel being then in train. Several of Du Buat's experi- 
ments were made with small vertical pipes. This Table is 
equally applicable to pipes and rivers, and gives directly 
either the hydraulic inclination, the hydraulic mean depth, or 
the velocity when any two of them are known. 
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Hydraulic (onnute have been frequently iTendered Unneces- 
sarily complex, and unsuited for practical application, by 
combining them with those of mere mensuration in order to 
find the discharge. We have therefore given formul® for 
finding the mean velocity principally, — unless in a few in- 
stances, as in orifices near the surface, where the discharge it- 
self is first necessary to find the mean velocity : this once 
determined, the calculation of the discharge becomes one of 
simple mensuration. 

We have preferred giving the mean velocity to the dis- 
charge itself in Table VIIL, because, while an infinite 
number of channels having the same hydraulic inclination (s) 
and the same hydraulic mean depth (r) must have the same 
velocity (t;), yet the sectional areas, and consequently the 
discharges, may vary upwards from 6*2832 r', the area of a 
semicircular channel, to any extent; and the operation of 
multiplying the area by the mean velocity, to find the dis- 
charge, is so very simple that any tabulation for that purpose 
is unnecessary. Besides this, the banks of rivers, unless 
artificially protected, remain very seldom at a constant slope, 
and therefore any Tables of dischai^e for particular side 
slopes are only of use so far as they apply to hypothetical 
cases. Indeed we have seen, in new river cuts, the banks, 
cut first to a given slope, alter very considerably in a few 
months ; while the necessary regimen between the velocity of 
the water and the channel was in the course of being esta-i 
blished. The velocity suited to the permanency of any pro- 
posed river channels, though too often entirely neglected, is 
the very first element to be considered* 

For circular pipes, however. Table IX. gives the discharge 
in cubic feet per minute when the velocity in inches per second 
is known, or found from Table VIII., and is calculated for 
pipes from Jth of an inch up to 12 inches in diameter. 
Table XII. gives also the discharges in cubic feet per minute 
from the different equivalent river channels in Table XI. 

Table X., for finding the heads on weirs of different 
lengths, Table XL, of equal discharging river channels, and 
Table XII., of the actual discharges from the equivalents in 
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Table XI.^ will be found of great practical value when new 
weirs and water-cuts have to be made. Tables XI. and XII. 
are equally applicable to channels having side slopes^ the 
widths being then the mean or central widUis : see pages 124, 
125, and 126. 

When the discharge and fall are known, and the hydraulic 
mean depth and the dimensions of any channel have to be 
determined, Problem III., page 122, as illustrated in Ex- 
ample 17, page 13, gives a new and perhaps the most 
practically useful solution yet published. Tables XL, XII., 
and XIII. are particularly applicable to this problem. 

A uniform notation is preserved throughout the work, so 
that the different experimental formulae can be compared 
without any further reduction. The letter h is used in every 
instance for the head, c for the coefficient, r for the mean 
radius or hydraulic mean depth, and s for the sine of the 
hydraulic inclination, unless it be otherwise stated. In order 
to designate particular values, the primary letters have depo^ 
nent or initial letters below to explain them. Thus ht is 
the head to the ^op of an orifice, A^ the head at the iottom, 
h^ the head on a freir, hf the head due to yHction, c^ the 
coefficient of clischarge, Cy the coefficient of t;elocity, c^ the 
coefficient of contraction, &c. When the whole head is made 
up of different elements, such as the portions due to friction, 
velocity, contractions, bends, &c., it is expressed by the 
capital letter h. 

Some writers and engineers appear to confound the inclina- 
tion of a pipe, simply so called, or the head divided by the 
length, with the hydraulic inclination ; and consequently have 
fallen into error in applying such of the known formulee as 
take into consideration only the head due to the resistance of 
friction. When pipes are of considerable length, and the 
water is supplied from a reservoir at one end, the inclination, 
found as above, and the hydraulic inclination, may be taken 
equal to each other without sensible error; but for shorter 
pipes, of say up to 100 feet long, or even longer, the greater 
number of formulas, as Du Buat's and others, do not directly 
apply ; and it is necessary to take into consideration the head 
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due to the orifice of entry, the velocity in the tube, and also 
to the impulse of supply when there are junctions. These 
separate elements, and their effects, will be considered in the 
following pages ; but it will be of use to refer here to iiome 
late experiments, and the imperfect application of formulas to 
them, first premising that a pip6 may be horizontal, or even 
turn upwardSf and yet have a considerable hydraulic in* 
clination. 

Mr. Provis's valuable experiments* with IJ-inch pipes, 
from 20 to 100 feet long, have been used in a recent work 
for the purpose of testing the accuracy of Du Buat's and 
some other formulae ; but the head divided by the length is 
assumed to be the hydraulic inclination throughout, and no 
allowance is made for the head due to the orifice of entry and 
velocity in the pipe. Of course the writer's conclusions are 
erroneous. We have shown. Section I., page 12, how nearly 
the formulae and experiments agree. 

The formulae appear to have been also misunderstood by the 
surveyor who experimented for the General Board of Health ; 
for the inclination of the pipe in itself is assumed to be the 
hydraulic inclination, and no allowance is made for the head 
due to the impulse of supply. We quote from the Civil 
Engineer and Architect's Journal, Vol. XV., page 366, 
in which it is stated that "the chief results as respect the 
house drains are thus described in the examination of the 
surveyor appointed to make the trials.''^ 

'^ What quantity of water would be discharged through a 3-inch pipe 
on an inclination of 1 in 120 ? — Full at the head, it would discharge 
100 gallons in three minutes, the pipe being 50 feet in length. This is 
with stone- ware pipe manufactured at Lambeth. This applies to a pipe 
receiving water only at the inlet, the water not being higher than the 
head of the pipe. 

" What water was this ? — Sewage- water of the full consistency, and it 
was discharged so completely that the pipe was perfectly clean. 

* Transactions of the Institution of Civil Engineers, Vol. II., pp. 201 
—210. 

t Minutes of Information with reference to Works for the removal of 
Soil, Water, or Drainage, <fcc., &c. Presented to both Houses of Parlia- 
ment, 1852. 
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* At tiw auM JngKimtion viiat would a 4-iiieh pips &oiiafge with ths 
fame dirtanoef I — Twice the amount (that I f oimd from ezperiment) | 
or, in other words, 100 gallons would he dischaiged in half the time. 
This likewise applies to a pipe leceiying water only at the inlet, and of 
not greater height than the head. In these cases the section of the 
fttream is diminished at the outlet to about half the area of tiie pipe. 

^ JBef<Hre thew experiments were made, weate there not taiious hjrpe* 
^hetical fozmulsB* proposed for general uke I — ^Yes* 

^ What would these formuLe haye given with a 3-inch pipe^ and at an 
inclination of 1 in 100 ? and what was the result of your experiments 
with the 3-inch pipe ? — ^The formulae would giro 7 cubic feet, the actual 
experiment gaye 111 cubic feet ; conyerting it into time, the discharge, 
according to the formulsd, compared with the discharge fi>und by actual 
practice, would be as 2 to 3. 

^ How would it be with a 4-inch pipe ? — ^The formulsa would giye about 
14'7 cubic feet per minute, whereas practice gave 23 cubic feet per 
minute. 

^ Take the case of a 6-inch pipe of the same inclination t — The results, 
according to Mr. Hawkesley's formula, would be 40} cubic feet per 
minute ; from experiment it was found to be 63^ cubic feet per minute. 

^' Then with respect to mains and drainage oyer a flat surfitce, the re- 
sult of course becomes of much more yalue, as the difference proyed by 
actual practice increases with the diminution of the inclination ? — Cer- 
tainly, to a yery great extent. For example, the tables giye only 14*2 
cubic feet per minute as the discharge from a pipe 6 inches diameter, 
with a fall of 1 in 800 ; practice shows that, under the same conditions^ 
47'2 cubic feet will be discharged. 

'^ Will you giye an example of the practical yalue of this when it ii 
required to carry out drainage works oyer a yery flat surface ? — ^An in- 
clination of 1 in 800 giyes only 14 cubic feet per minute, according to 
theory, while, according to actual experiment, and with the same incli- 
nation, 47 cubic feet are given. 

" Then this difference may be converted either into a saving of water 
to effect the same object, or into power of water to remove feculent mat- 
ter from beneath the site of any houses or town ?-^It may be so. 

" And also the power of small inclinations properly managed ? — Tes ; 

— ------ 

''^ It is a mistake to call those formulso hypothetical, unless so fiur as 
the hypothesis is founded on facts. Every formula with which we are 
acquainted is founded on experiments, and has been deduced from them, 
but those formulsd are too often hypothetically applied to short tubes 
without the necessary corrections. It will be seen from Section YIII. 
that the experiments from which the formulsa there given were derived, 
were in every way greatly more extensive than those made by the direc- 
tions of the Board of Health. 
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tor example, if it was lequired to consiract » irater coune tkat ahonld 
discharge, say 200 feet per minute, the fonnula would require an indi* 
nation of 1 in 60 = 2 inches in 10 feet ; whereas, experiment has shown 
that the same would be dischaiged at an inclination of 1 in 200 s= { inch 
in 10 feet, thus effecting a considerable saving in excayation, or a smaller 
drain would suffice at the greater inclination/' 

We have extracted and tabulated the results given above, 
in the following Table^ and also eight of the experiments 
made for the Metropolitan Commissioners of Sewers*; and 
assuming for the present^ with the surveyor examined by the 
Commissioners, diat the inclinations of the pipes and hy- 
draulic inclinations of the formulae are the same, which is 
incorrect J we give the calculated discharges, found by means 
of Tables YIII. and IX., in the last column of the Table. 
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Du Buat's formula, therefore, gives larger results than the 
experiments in the two first cases, because the water received 
at one end only barely filled it^ and the pipe was not full at 

* Adcock's Eiigineer'a Pocket Book, 1852, pp. S61 and 262. 
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the lower end ; but less in the others. If in these the head 
due to the impulse of entry^ at the upper end, and at the 
side junctions, were known, and the proper hydraulic inclina- 
tion determined by the experiments, the formulae would be 
found to give larger approximate results in every case, as 
might have been expected from the sewage- water used. In 
the last eight experiments it is stated '^, that ^'the water 
was admitted at the head of the pipe, and at Jive junctions 
or tributary pipes on each side, so regulated as to keep the 
main pipe full," and that " without the addition of junctions 
the transverse sectional area of the stream of water near the 
discharging end was reduced to one-fifth of the corre- 
sponding area of the pipe, and that it required a simple 
head of water of about 22 incites to give the same result 
as that accruing under the circumstances of the junctions^ 
It is also stated, that " in the case of the 6-inch pipe, which 
discharged 76 cubic feet per minute, the lateral streams had 
a velocity of a few feet per minute." 

Now, the head of "about 22 inches" is wholly neglected 
in the foregoing calculations, though in a pipe \00feet long 
it would be equal to ati inclination of 1 in 65 ! It however 
includes three elements at least, viz. the portion due to the 
orifice of entiy, the portion due to the velocity in the pipe,, 
and the portion due to friction. Let us assume the case of 
the horizontal pipe, which discharged 46 cubic feet per 
minute]-. This is equal to a mean velocity of 46*9 inches 
per second; with this velocity, we find from Table VIII. 
the hydraulic inclination of a 6-inch pipe to be 1 in 94, and, 
therefore, the head due to friction in a pipe 100 feet long 
is 12*7 inches. Assuming the coeflBcient for the orifice of 
entry and velocity to be '816, we also find from Table II. a 
head of 4J inches due to these. We then have. 



* Adcock's Engineer's Pocket Book, 1852, pp. 261 and 262. 

t The horizontal pipe would discharge equally at both ends, unless 
there was a head of water at either, or an equivalent in the velocity 
of approach. Of course, a smaller pipe with a fall, must be better than 
the larger one with none at all, in preventing deposits. 
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Head due to the velocity and' orifice of entry 4*25 inches 
Head due to the resistance of friction . . 12*70 ,, 
Radius of pipe ....... 3'00 „ 



Total . . . 19-95 

which- is about 2 inches less than the observed head: this, 
however, is not stated definitely. It i$ therefore evident ^ 
that the formula gives^ if anything^ larger results than 
these experiments^ J as might have been expectedy instead 
of less in the ratio of 2 to ^^ as is stated in the Report, 

Wherever junctions are applied, as in the examples above 
referred to, the formuIsB in general use require correction; 
for the quantity of water then flowing below each junction 
is increased. A certain amount of error is, perhaps, in- 
separable fi-om every calculation of this kind ; but before we 
condemn formulas deduced from experiment by men every 
way qualified for the task, it would be well that we should 
learn to understand and properly apply them^ 

The diameter of a short pipe gives in itself the means of 

increasing very considerably the surface inclination of the 

fluid stream, by reducing the section at the lower end. If 

we assume a horizontal pipe 50 feet long and 6 inches in 

diameter, we perceive, that if the receiving end be fiiU, and 

the discharging end one-third full, this inclination wUl be 

6 — 21 
= ; and that the discharging end cannot be 

50 X 12 160' ^ ^ 

kept full unless a head of several inches be maintained at 
the receiving end, or an equivalent from a lateral supply. 
When the pipe is about two diameters long it becomes a 
short tube; and when the length vanishes, the transverse 
section becomes, simply, a discharging orifice. 

We have been led into the foregoing remarks, not from 
any desire to find fault with a Report containing so much 
valuable information as the one referred to, but for the pur- 

* This is also trae of the other formulae, for finding the discharge 
from pipes, given in this work. 
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pose of defending from unmerited reproach, in a Blue Book, 
the researches in this department, of 

^ Those dead but sceptred soTereigns who still mle 
Our science firom their " 



Da Buaty Young, Eytelwein, Prony, and others. 

We do not pretend to any particular accuracy in the 
sketches scattered throughout the work; they are only in- 
tended to illustrate the text, and were sketched while writ- 
ing it, without further aim; neither do we pretend to have 
entered fully into the principles or practice of hydraulics, our 
object being to select, construct, and arrange useful hydraulic 
formulse, experiments, and Tables for the use of all classes of 
engineers. We make, however, no apology for preferring 
formulse, in their simplicity, to any written rules which may 
be deduced from them, as being in every way more general, 
concise, and elegant. In conclusion, it is hoped that any 
errors of consequence in the work, will be found corrected 
in the errata. 

Boden FlaeCy Ihmda^ 
Javmary^ 1853. 
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SECTION I. 

JLPTUCATIOX AND US£ OP THfi TABIiE£l, i>OBMULJB, &a 

To find the velocity of a falling body from the height 
fallen^ or sthe height fallen Jrom the velocity. 

Rule. — Multiply the square root of the height 
in inches by 27'8, and the product will be the 
velocity in inches. to find the height froai the 
velocity, square the velocity in inches and divide 
the square by 772*84, the quotient will be the 
Hsit&HT IN INCHES. See equation {1). Table H., column 1, 
wiH give the velocity from the height, found in the column 
of " altkades,** or the height from the velocity, directly. 

Example 1. — Whtxt w the velocity acquired by a heavy 
body falling ^th of an inch f In the Table opposite to Jth 
of an inch, found in the cohtmn headed "altitudes A," we 
find 9*629 in column 1, for the required velocity in inches 
per 'Second. 

Example 2. — TVhat w the velocity acquired by a fall of 
1 1 feet 3 inches ? Opposite to 1 1 feet 3 inches, as before, 
we Said 323*001 insdies, for the velocity required. 

.Example Z. — What Aeighi mu9t a heavy iodp faU from 
:io aoqwine a velocity of 40^ feci per second t Here 40^ feet 
■eqnail 486 inches, opposite io the nearesN; number to which, 
found in jQolunm 1, we find 25 feet 6 inches for the se- 
quired fall. In this example, the nearest number to 486 
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found in the Table is 486-301. The difference '301 cor- 
responds, very nearly, to -fths of an inch in altitude, and, 
therefore, the true head according to the rule would be 
26' 6^' ; but for all practical purposes the difference is 

immaterial. 

By means of Table II. we can find directly, or by simple 
interpolation, the velocity due to all heights from toTT part of 
an inch up to 40 feet, and the heights from the velocities. 
For a greater height than 40 feet it may be divided by 4, 9, 
or some square number «^, and the velocity found for the 
quotient, from the Table, multiplied by 2, 3, or s, the square 
root of the divisor, will give the velocity required. 

Example 4. — WTiat is the velocity acquired by a fall of 

45 feet ? -2- = 11' 3^^ the velocity corresponding to which, 

foimd from the Table, is 323007. Hence, 

323007 X v/4 = 323007 x 2 = 646''-014 = 53' 10''-014 
is the velocity per second required. The reverse of this 
example is equally simple. 

Columns 3, 4, 6, 6, 7, 8, 9, 10, 11, and 12 in the Table, 
give the values of \/2gh multiplied by the coefficients 
Uierein stated. These columns will be found of great prac- 
tical use in finding the mean velocities in the vena-contravta, 
in the orifice, and in short tubes ; and consequently also in 
finding the mechanical force and discharge. An examination 
of the coefficients in the small Tables in Section III., 
and also those in Tables I. and V., at the end of the work, 
will show how much they vary; but those most generally 
useful and their products by the theoretical velocity due to 
different heads, up to 40 feet, are given in the columns 
referred to. 

Example 6. — What is the discharge from an orifice 
4 inches by 8 inches^ the centre sunk 20 feet below the 
surface vf a reservoir? From Table II., we find 430*676 
inches equal 35*89 feet for the theoretical velocity of dis- 
charge : hence, ?-^ x 35*89 = 4 x 35*89 = 7*976 cubic 
^ 144 9 
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feet per second is the theoretical discharge. If the discharge 
takes place through a thin plate, or if the inner arrisses next 
the water in the reservoir be perfectly square, and the water 
in flowing out does not fill the passage so as to convert the 
orifice into a short tube, the coefficient will be found from 
Table I. to be 'QQQ. The true discharge then is 7-976 A 
•603 = 4*809 cubic feet per second. 

For the determination of the coefficient suited to any 
particular orifice, and the circumstances of its position, we 
must refer generally to the following pages. If in the 
example just given, the arrisses next the reservoir were 
rounded into the form of the contracted vein, see Fig. 4, 
the coefficient would increase from '603 to '974 or '956, for 
a passage not exceeding a couple of ket in length. With 
the former the discharge would be 7*976 x *974 =z 7*769 
cubic feet, and with the latter 7*976 x *966 =7*625 cubic feet. 
We may find from Table II. the latter results otherwise. 
With a head of 20 feet and the coefficient '974, the velocity 
is 419*48 inches r= 34*967 feet; hence, the discharge is 

? X 34*967 = 7-768 cubic feet. With a coefficient of -966, 

2 

the velocity is 411*73 inches =: 34*31 feet, and - x 34*31 =: 

7*624 cubic feet. These results are the same, practically, as 
those previously found. 

If the inner arrisses be square, and the passage out be 
from 18 inches to 2 feet long, the orifice will be converted 
into a short tube, the coefficient for which is •816. With 
this coefficient, and a head of 20 feet, we find as before, 
from Table II., the mean velocity of discharge equals 
361 inches = 29*26 feet; hence, the discharge now is 

2 

Q X 29*26 =: 6*6 cubic feet per second. 

The velocities in inches per second^ given in Tables II. 
and VIII., or elsewhere in the following pagesy may be 
converted into velocities in feet per minute, by multiplying 

by 6, equal — . 

B 2 
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Example &■•— 2%^ discharge from a small mi/Ice having 
its centre placed 10 /eet below the suvface of a reservott 
is 18 feet per mmute^ lifhat will be the discharge from the 
same or^ce at a depth of 17 feetf The disebarges will 

be to each oth^ as \/T0 : s/Wy or as 1 : \/l"7; or, frotoi 
TaB];£ III., as 1 : 1*3638, whence wfe get the (Kscfearge 
sought equal 1-3038 x 18 = 23-4684 cubic feet. 

Example l.-^What is the vidue of the expf^ssion 

^dO + a ^ « 1 *^ equation (46)^ when Cd = -617, and 

'ifti±2^. Here we have*— 

^-<i - '617» ^ 'S807 _ Q 2 . 
m*-v%""4-. -617*^ 3-6193*" ' 

wheiice the expression becomes equal to '617 (1-1052)* equal, 
from Table III., ^617 x 1-0613=: -649, flie value sought. 
Table V. contains the values of this expression for various 
values of c^ and m, whick latter, my stands for the ratio of 
the channel to an orifice • and we can immediately find from 
it, <!ypposite 2 hi the first column, and under the coefficient 
'617 in the sixth column, '649^ the value sought. When the 
head due to the pressure, and the velocity of approach, are 
both known, we can determine the new coefficient of dis- 
charge by the above expression, and thence the discharge 
TtseH*. The coefficient 'sarted to the velocity of approach is, 
however, to be found directly in Table V-. 

Example 8. — What is the discharge from an orifice , 

17 inches long and S inches deep, having the upper edge \ 

placed 4 inches 'below ihe surface^ and the lotver edge \ 

13 inches ? The expression for the discharge is I 

equation (43), in which we must take d =z 9 inches; it^c 9 
inches; a = 17x9=163 square inches; and ^2gdy found 

h 4 
from Table H. = 83-4 inches. We have, also, --j^ s= - n -444, 

a 9 

and hence the value of 

(1-444)^ - (-444)* = (from Table IV.) 1-44. 
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Assuming tbe coefficient of diaoharge to be. *617, we then 
have the discharge in cubic inches per second equal to 

I X 153 >^ 83-4 X -617 x 1-44 = 

I X 12760-2 X -88848 = 7668. 

7668 
Consequently^ Twft ^ 4'374 is thC: discharge in cubic feet 

per second. Trem equation (6), we get the discharge 
equal to 

I X -617 X 27-8 X 17 X {13^-4*}. 

But 13^ - 4' = 46-872 - 8, from Table IV., equal to 
38-872, whence the discharge is 

? X -617 X 27-8 X 17 X 38-872 = 11-4351 x 17 x 38-872 = 
o 

194-3967 X 38-872 = 7567 cubic inches = 4-374 cubic feet, 
the same ae before. 

It is shown in equation (31), that by using the mean 
depth for orifices near the surface, the. discharge will ap- 
proximate very closely to the true discharge, and that even 
for weiis the error will not exceed 6 per cent. The discharge 

is then expressed by -617 \/2g x 8J x 9 x 17 g= (from 
Table II.) 60-01 X 153 = 7661-63 Qubiq inches =b 4-427 
cubic foet per seQQud. The head tQ the centre of the edifice 
ia here 8J inches, and the depth of the orificQ 9 inches, 
therefore, in equation (31), A = c^ very nearly; and, therefore, 
this result must be multiplied by -989, a@ shown in that 
equation; then '989 x 4*427 ;=: 4-378 cubic feet, which gives 
^ result dijOfering frqm those otherwise found, by a very small 
qu^mtity^ which, practiq^^Uy? is of ng v^lue. 5y means of 
TABLip: VI, the discharge ftom rectimgular orifices. near the 
surface can be found with very great facility, 

fVe may always find the discharge from an orifice near 
the surface with sufficient accuracy by taking the head to 
the centre^ as if it were sunk to a considerable depthy and 



/ 
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then applying the corrections given in equation (31); or if 
the orifice be circular^ those given in equation (28). 

Example 9. — What is the discharge from a circular 
orifice 4 inches in diameter, having its centre placed 4 inches 
below the surface ^ when the coefficient of discharge is'QYII 
The area of the orifice is 4 x 4 x '7854 = 12'666 square 
inches. The velocity at the raean depth of 4 inches, with a 
coefficient of '617, is 34*31 inches, whence the discharge is 
12-666 X 34-31 = 431-139 cubic inches =-2496 cubic feet 
per second, or 1M97 cubic feet per minute. By means of 
Table IX. the discharge in cubic feet per minute can be 
found very readily when the velocity, 34*31 inches per second, 
is known. Thus, 

Inches. Cubic feet. 

For a velocity of 3000 the discharge is 1*3089 f ^ ' ^ - 

4-00 „ „ -1745 A y i 

•30 „ „ -0131 'V 

•01 „ „ -0664 . ^ ^ '/ 



l> w 



34-31 „ „ >4afi9 ^ '^ 

By applying the coefficient found from equation (28), which 
is *992, when the depth at the centre is twice the radius, as 
it is in this example, we get -992 x 1*497- = 1^485 for the 
discharge in cubic feet per minute. ' ^-^1 /V,^ ^ 

The application of Table VI. will enable us to find the 

discharge from rectangular orifices near the surface very 

quickly. Resuming '' Example 8," the discharge may be 

found from this Table for each foot in length of the orifice, 

as follows. The discharge in cubic feet per minute, when the 

coefficient is -617 for a notch 1 foot long and 13 inches 

deep, is 223*323; and for a notch of 4 inches deep, 38-116; 

therefore, the discharge from an orifice 9 inches deep, with 

the upper edge 4 inches below the surface, is 223-323 «— 

38*116 =: 185-207 cubic feet per minute. But as the length 

17 
of the orifice is 17 inches, this must be multiplied by — , and 

the product 262-377 is the discharge in cubic feet per minute ; 
this is equal to a discharge of 4*373 cubic feet per second, 



i 
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which agrees with that before found. This is the simplest 
way of finding the discharge from rectangular orifices near 
the surface. 

Example 10. — WJiat is the discharge in cubic feet per 
minute^ from an orifice 2 feet 6 inches long and 7 inches 
deep J the upper edge being 3 inches below the surface^ and 
the coefficient of discharge "628? From Table VI. we 
find the discharge from a notch 1 foot long and 10 inches 
deep to be 153*353, and for a notch 3 inches deep, 25*199. 
The difference, or 128*154, multiplied by 2^, will be the 
discharge required; viz. 2J x 128* 154 = 320*385 cubic feet 
per minute. 

Example 11. — The size of a channel is 2*75 times the 
iize of an orifice, what is the coefficient of discharge when 
that for a very large channel in proportion to the orifice 
is '628 ? We find from Table V. the coefiicient sought to be 
•645, when the approaching water suffers full contraction. By 
attending to the auxiliary Tables in the text, we find, for this 

case, -; ;* = —— r zz '36. We miist, therefore, multiply 

' channel 2*75 ' ^ fJ 

2*76 by '857, which gives 2*36 for the ratio of the mean 
velocities in the orifice and approaching it. With this new 
value of the ratio of the channel to the orifice, we find, as 
before, the value of the coefficient from Table V. to be 
•651. The remarks throughout the work, with the aux- 
iliary tables, will be found of much use in determining 
the coefficients for different ratios of the channel to the 
orifice, notch, or weir, and the corrections suited to each^ 
If in this example we were considering, other things being 
the same, the alteration in the coefficient for a notch, or weir, 
it would be found from the Table, column 4, to be "672 
instead of '645 found in column 3, for an orifice sunk some 
depth below the surface. For the corrections suited to mean 
and central velocity, and to the nature of the approaches, we 
must refer to the body of this work and the auxiliary tables. 
Example 12. — What is the discharge over a weir 50 feet 
long; the circumstances of the overfall, crest, and ap^ 
preaches, being such that the coefficient of discharge is *617, 
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ithen the head metuured /ram the water in the weir hoMn, 
Qfeet above the cregt, is 17} inches i Table VI. will give 
the discharge in cubic feet per minute, over each foot ia 
length of weir, for various depths up to 6 feet. It is divided 
into two parts ; the first for '^ greater coefficients/* viz. *6&7 
to '617; and the second for ^Hesser eoefficientsy'' viz« *606 to 
'518. The coefficient assumed bein^ '617, we find the dii^ 
charge cfvet 1 foot in length, with a head of I7| inches, to 
be 348'799 cubic feet per minute; hence the requised dis* 
charge is 60 x 348-799 = 17439-96 cubic feet. 

The determtnatios of the coefficient suited to the circum- 
stances of the overfall, crest, approaches, and approaching 
section, will be found discussed elsewhere through this 
wotk. The valuable Table derived from Mr. BbckweU's 
experiments will also be of use } but the beads being tseken 
at a much greater distance back from the crest than is 
generally usual, the coefficients taken from it for heads 
greater than 6 or 6 inches, will be found under the true ones 
for heads measured immediately at or about 6 feet, above 
the crest. For heads measured on the crest, the small 
Table of coefficients in Section III., applicable to the pur-' 
pose, will be of use. 

Example 13. — What is the mean velocity in a large 
channel^ when the maximum velocity along the central line 
of the surface is 31 inches per second} Table VII. gives 
25*89 inches for the required velocity, and for smaller chan- 
nels 24*86 inches. In order to find the mean velocity at the 
surface from the maximum central velocity, the latter must 
be multiplied by '914. 

The velocity at the surface is best found by means of a 
floating hollow ball, which just rises out of the water. The 
velocity at a given depth is best found by means of two 
hollow balls connected with a link, the lower being made 
heavier than the upper, and both so weighted by the ad- 
mission of a certain quantity of water that they shall float 
along the current^ the upper one being in advance but nearly 
vertical over the other* The velocity of both will then be the 
velocity at half the depth between them. ^ The velocity at the 
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surface, found by means of a single baH, being also found, the 
velocity lost at the half depth is had by subtracting the 
common velocity due to the Unked balb from that of the 
single ball at the sui&ce. The velocity at any ^ven deptk is 
then easily found by a simple proportion ; but the result will 
be most accurate when the given depth is nearly half the 
distance between the balls, which distance can never exceed the 
depth of the channel. PitcVs tube^ TVoltmanfCs tachometer^ 
the hydrometric pendulum, the rheometery and several other 
hydrometers, have been used for finding the velocity; but 
these instruments require certain corrections suited to each 
separate instrument, as well as kind of instrument, and are 
not so correct or simple for measuring the velocity in open 
channels as a ball and linked balls. 

Example 14. — What is the discharge from a river having 
a surface inclination of \% inches per mile^ or 1 in 3520, 
40 feet widCf with nearly vertical banks, and 3 feet deep f 
The area is 40 x 3 = 120 feet, and the border 40 -f 2 x 3 

=: 46 feet ; therefore the hydraulic mean depth is -— * 

= 2-61 feet = 2 feet 7-3 inches*. With this and the in- 
clination we find from Table VIII. 28-27 + 275 x li 

== 28-87 inches per second =: 28*87 x 6 =: 144-35 feet per 
minute for the mean velocity; hence we get 144*35 x 120 
/ 7c-2^ — f732*i.cubic feet per minute for the required discharge. 
For channels with sloping banks we have only to divide the 
border, which is always known, into the area for the hydraulic 
mean depth, with which, and the surface inclination, we can 
always find the velocity by Table VIII., and thence the 
discharge. Unless the banks of rivers be protected by stone 
pavement or otherwise, the slopes will not continue per- 
manent; it is therefore almost useless to give the discharges 
for channels of particular widths and side slopes. When the 
mean velocity is once known, the remaining calculations are 

* For greater hydraulic depths than 144 inches, the extent of the 
Tablb, diyide by 9, and find the corresponding velocity. This multiplied 
by 3 will be the Telocity sought. 
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those of mere mensuration, and they should be made 
separately. 

Example 15. — The diameter of a very long ^ipe w IJ 

inch^ and the rate of inclination.^ or whole length of the pipe 

divided by the whole f ally is 1 tn 71 J ; what is the discharge 

in cubic feet per minute? The hydraulic mean depth, 

1*5 3 

or mean radius, is — ^ 'STS inches =: - inch» Conse- 

4 8 

quently we find from Table VIII. the velocity in inches per 

second equal to 2509 — 1-92 x L^= 25*09 - -29 = 24-80. 
^ 10 

The discharge in cubic feet per minute for a l|-inch pipe is 

now found most readily by means of Table IX., as follows: — 

Inches. Cubic feet, 

for a velocity of 20*0 the discharge is 1'227 



fy 


17 


4-0 


n 


» 


•245 


yf 


n 


•8 


» 


99 


•04^ 



„ 24-8 „ • „ 1-521 

Whence the discharge in cubic feet per minute is 1'621. 

For short pipes, of 100 or 200 feet in length and 
under, the height due to the velocity and orifice of entry 
must be deducted fi-om the whole height to find the proper 
hydraulic inclination, and also the height due to bends, curves, 
cocks, slides, and erogation. The neglect of these corrections 
has led some writers into mistakes in applying certain formulae, 
and in testing them by experimental results obtained with 
short pipes. We shall now apply the Tables to the deter- 
mination of the discharge from short pipes, and compare the 
results with experiment, referring generally to equation (153) 
and the remarks preceding it for a correct and direct solution. 

Example 16. — What is the discharge in cubic feet per 
minute from a pipe \00 feet long^ with a fall or head of 
35 inches at the lower end, when the diameter is l^ inch? 
Find also the discharge from pipes 80 feet^ 60 feetf 40 feet, 
and 20 feet, of the same diameter and having the same 
head* If the water be admitted by a stop-cock at the upper 
end, the coefficient due to the orifice of entry will probably 
be about '76 or lesS; *815 being that for a clear entry to 
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ik short cylindrical tube. The approximate inclination is 

= 1 in 34*3 : but as a portion of the fall must be 

35 ' ^ 

absorbed by the velocity and orifice of entry, we may assume 

for the present that the inclination is 1 in 35. With this 

inclination and the mean radius Xn — inches, we find the 

4 8 

mean velocity from Table VIII. to be 38*06 inches. Now 

when the coefficient due to the orifice of entry and velocity is 

•75, we find from Table II. the head due to this velocity to 

be 3-| inches nearly, whence 35 *- 3-| =: 31f =s 31*625 inches 

is the height due to friction, and — equals 1 in 37*9, 

the inclination, very nearly. With this new inclination we 
find, as before, from Table VI 1 1, the mean velocity of dis- 
charge to be now 36*35 inches ; and by repeating the opera- 
tion we shall find the velocity to any degree of accuracy in 
accordance with the table, and the shorter the pipe is, the 
oftener must it be repeated. The height due to 36*35 inches 
taken from Table II. as before, with a coefficient of '750, is 
3| = 3*125 inches. The corrected fall due to the friction is 

now 35 -3*125 = 31*875, and J^^ equal 1 in 37-6, the 

31*875 ^ 

corrected inclination. With this inclination we find the cor- 
rected velocity to be now 36*53 inches per second. It is not 
necessary to repeat the operation again. The discharge 
determined from Table IX. is as follows: — 

Inches. Cubic feet. 

For a velocity of 30*00 the discharge is 1-841 

6-00 „ „ -368 

•60 „ „ -031 

•03 ., „ -002 



» 


>J 


» 


» 


w 


n 



„ „ 36-63 „ „ 2-242 

The experimental discharge found by Mr. Provis was 2*264 
cubic feet per minute in one experiment, and 2*286 in 
another. The discharge from the shorter pipes may be 
found in a similar manner, and we place the results alongside 
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tEe ezperixaenta) ooea giren in the work referred to below * 



in the following short table : — 



BXPIBIXIHTAL AHD OALOULATID DISOHASGBS FBOM SHORT PIPES. 
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•8 
.8 

i 



100 
80 

60 
40 
20 



35 
85 
85 



I 

^|5 




2276 
3-500 
2-874. 
3-504 
4-528 



I 



Is 



« 



37-089 

40-TWH 

46-846 

57-115 

73-801 



1 



1 

m 



84 

6 



J8 



81| 
3li 

80 

27J 

22| 









87-6 
30-a 
240 
17-5 
10-7 






86-58 
41-18 

48-02 
58-50 
f 78-61 



■ » r I 






3^9 



2^242 
2-6^21 
2-946 
3-590 
4-824 



, , ? >!;^gga 



The velocities in the fourth column have been calculated 
by the writer from the observed quantities discharged, from 
which the height due to the orifice of entry and velocity in 
eolnmn 6 is determined, and thence the qnantities in the 
other columns as above shown. The differences between the 
experimental and calculated results are not large, and had we 
used a lesser coefficient than *750 for the velocity, stop-cock, 
and orifice of entry, say *715, the calculated results, and 
those in all of Mr. Provisos experiments in the work referred 
to, would be nearly identical^. 

Example 17. — It is proposed to supply a reservoir near 

the town of Drqgheda with water by a long pipe, having an 

inclination qf 1 in 480, the daily supply to be BO^OOO cubic 

feet; what must the diameter of the pipe be ? The discharge 

* '^Transactions of the Institution of Civil Engineers," vol. ii. p. 203. 
" Experiments on the Flow of Water through small Pipes." By W. A. 
Proyis. 

t In a late work, '' Researches in Hydraulics," the author is led into 
a series of mistakes as to the accuracy of Du Bu&t*s and seyeral other 
formulae, from neglecting to take into consideration the head due to the 
velocity and orifioe of entry when testing them bj the experiments above 
referred to, 
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per minute must be , -. ■ ■> ss £6 cubic Feet, nettfy* AssMie 
r J44Q J 

a pipe whose '^mean radius" is 1 mch, or diameter 4 inches, 
and the velocity per second found from Table VIII. will be 
14*41 inches. We then have fitnn Table IX., 

Inches. Cubic £eet 

For a velocity of 10*00 a discharge of 4*363 

4-00 „ „ 1-746 

^ „ -01 f, .„ 004 



„ 14-41 „ „ e-287 



The discharge from a pij)e 4 inches in diameter would be 
therefore 6*287 cubic feet per minute. We then have 

4*c rf* :: 6-587 : 66, or 1 : d* :: -196 : 56 :: 1 :286; 

therefore d^ =: 286, and d = 9*61 inches, nearly, as found 

\ M I from Table "Sf^., &c. This is the required diameter. It is 

to bfe observed that this diameter will not agree exactly with 

Du Buat^s formula, because by it flie discharges are not 

strictly as d^y but in practice the diflferencie is immaterial. 

Example 18.-2%^ area of a chcmnel is 50 square feet^ 
and the border 20*6 feet; the surface has an inclination of 
4 inches in a mile; what is the mean velocity qf discharge? 

^^ zz '2-427 feet = 29*124 inches is flife hydraulic mean 



20*6 



depth; and we get from Table VIII. 1203 -|'30 x '876 

o 

= 12*03 — '19 =: 11*84 inches per second for the required 
velocity. Though this velocity will be found under the true 
value for straight clear channels, it will yet be more correct 
for ordinary river courses, with i>en&& and turns, of the di- 
mensions 'given, thaxi the "velocity found from expiation (114). 
For a (straight clear channel of these dimensions, Watt^found 
the mean velocity ^o be 13*35 inches. See Exam^lib % IX 
pagett y^f 

Example 19. — Ajnpe 5 inches in diameter^ IA637 feeiin 
ten^thy 'ha» a fall of 44 f&et; what is the 'discharge mi ycuhic 
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feet per minute? The inclination is — -— = 332*7, and 

mean radius — = 1 J. We then find from Table VIII. the 

4 

velocity equal to 19-81 + "*\^..^'^ = 19-81 + '16 = 1997, 

or 20 inches per second very nearly \ and by Table IX. the 
discharge in cubic feet per minute is, as before found to be, 
13-636. 

Example 20. — What is the velocity of discharge from a 
pipe or culvert 4 feet in diameter ^ having a fall of 1 foot to 

a mile? Here s = ^ , and r = 1 foot. We then find the 

o2o0 

velocity of discharge from Table VIII. to be 14*09 inches 

equal 1*174 feet per second. By calculating from the different 

formulee referred to below, we shall find the velocities as 

follows : — 

Velocity 
in feet. 

Eeduction of Du Bu&t*8 formula equation (81) 1*174 

„ Girard*8 do. (Caoals with aquatic plants) ,, (86) '521 

„ Prony's do. (Canals) „ (88) 1*201 

„ Prony's do. (Pipes) „ (90)1-257 

„ Prony's do. (Pipes and Canals) ... „ (92) 1-229 

„ Eytelwein's do. (Rivers) „ (94) 1-200 

„ Eytelwein's do. (Rivers) „ (96) 1-286 

„ Eytelwein's do. (Pipes) „ (98) 1-364 

„ Eytelwein's do. (Pipes) „ (99) 1*350 

„ Dr. Young's do. „ (104) 1*120 

„ D'Aubuisson's do. (Pipes) „ (109) 1*259 

„ D'Aubuisson's do. (Rivers) .... „ (HI) 1*199 

„ The writer's do. (Clear straight Channels) „ (114) 1*268 

„ Weisbach'B do. (Pipes) „ (119) 1-285 

We have calculated this example from the several formulas 
above referred to, whether for pipes or rivers, in order that 
the results may be more readily compared. The formuhi^ 
from which the velocity and tables for the dischai^e in 
rivers are usually calculated is, for measures in feet, 

V =: 94*17 \/r«. This gives the mean velocity, in the 
foregoing example, equal to 1*296 feet per second, which is 
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certainly much too high if bends and curves be not allowed 
for separately. For all practical purposes the result of 
Du Buat's general formula, equation (81), should be adopted; 
and we have, accordingly, preferred calculating the results in 
Table VIII. from it, notwithstanding the greater additional 
labour required in the calculations, than from any other. 

Dr. Young's formula gives less results for rivers and large 
pipes than Du Buat's, but they are too small unless where 
the curves and bends are numerous and sudden. Girard's 
formula (86) is only suited for canals containing aquatic 
plants, and must be increased by about '7 foot per second to 
£nd the velocity in clear channels. A knowledge of various 
formulae, and their comparative results, appHed to any par- 
ticular case, will be found of great value to the hydraulic 
engineer, and the differences in the results show the probable 
amount of error. 

Example 21. — Water Jlotcnng down a river rises to 

height of lOJ inches on a weir 62 feet long; to what height 

will the same quantity of water rise^ on a weir similarly 

62 
circumstanced^ 120 feet long? __ = '617, nearly. In 

Table X. we find, by inspection, opposite to '617, the ratio of 
the lengths, the coefficient '644, rejecting the fourth place of 
decimals; whence lOJ x '644 = 6*76 inches, the height 
required. When the height is given in inches it is not 
necessary to take out the coefficient to further than two 
places of decimals. 

Example 22. — The head on a weir 220 feet long is 
6 inches; what will the head he on a weir 60 feet long^ 
similarly circumstanced^ the same quantity of water flounng 

over each f — — = '273. As this lies between '27 and -28, 

we find from Table X. the coefficient '4208; hence ,^^^ 

' -4208 

= 14*26 inches, the head required. 

Table X. will be found equally applicable in finding the 

head at the pass into weir basins and in contracted water 

channels. See Section X. 
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ExA]fia.B 23.— il river chamnel 40 feet wide and 4*5 feet 
deep tv to he aUered emd widened to 70 feet; what mnet the 
depth of tke new ehannei ie eo that the mvrfaee indination 
and dmcharge sbail remain mnaltered? Id ^ Ta3lb XI., or 

SQUAL OlflCKABOINa RBCTAAOCTLAR CHAFtfBLB,'* we find 

opposite to 4*54, in the column of 40 feet "widtliB, 3 in the 
column of 70 feet widths, which is the depth required. 

Example 24. — It it neceesa fy to unttmter a river channel 
70 feet mndeiOnd I Jbotdeep^hy a rectangular Me cut 10 fset 
9tmie; whet mutt the depth cf the side cut be, the eurfaee 
indittation remaining the tame at in the old ehaemelf In 
Tabx^b XI. we &id 4*£ feet fiir ihe required depth. WJien 
the width of :a channd remains constant, the disdiarge 

varies as \/rl x d, in which d is the depth ; and when the 
width is very large compai^ with the depth, the hydrauRc 
mean depth r approximates very closely to the depth cf, and 

d^r; consequently the discharge vanes as d^ x «% and 

when it is given d^ must vary inversely as «^; or more 

generally rfr' must vary inversely, as *', when the width and 
discharge remain constant. 

la narrow cuts for unwaterifig, it is prudent to make the 
depth of the water half the widUi of the cut very .neacly, 
when local circumstances will admit of these {proportions*; 
lor then a maximum effect will be obtained with the least 
possible quanrtiily of ^excavation; but for rivers and perananent 
channels the proper relation of the depth to ^be width must 
be jregulated by the principles refeisned to in SBCTiov IX. 

Table XI. is equally applicable, whether the measures be 
in feet, yat*ds^ or any other standanda. 

* Section IX. 
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SECTION II. 

FORMULA FOR THE VELOCITT AND DISCHARGE FROM ORI- 
FICESy WEIRS, AND NOTCHES.— COEFFICIENTS OF VELOCITY, 

CONTRACTION, AND DISCHARGE. PRACTICAL REMARKS ON 

THE USE OF THE FORMULiE. 

The quantity of water discharged in a given time through 
an aperture of a given area in the side or bottom of a vessel, 
is modified by different circumstances, and varies more or 
less with the form, position, and depth of the orifice ; but the 
discharge may be easily found, when we have determined the 
velocity and the contraction of the fluid vein. 

VELOCITY. 

If g be the velocity acquired by a heavy body falling from 
a state of rest for one second, in vticuo, then it has been 
shown by writers on mechanics, that the velocity v per second 
acquired by falling from a height A, will be 

(1.) V = s/2ffh. 

The numerical value of a varies with the latitude : we shall 
assume 2ff = 772*84 inches = 64'403 feet. These will give 
for measures in inches, 

V = 27-8 v*,* and A = ^^^.84 ^ 
and for measures in feet, 

V = 8-026 v/A, and h = -Q^-f 

* The velocities for different heights are given in the column num- 
ber 1, Tablb II. 

t The force of grayity increases with the latitude, and decreases with 
the altitude above the level of the sea, but not to any considerable 
extent. If X be the latitude, and h the altitude, in feet, above the sea 
level, then we may, generaUy, take 

ff s= 32-17 (1 — -0029 cos 2X) X ( 1 — y)' 

in which b, the radius of the earth at the given latitude is equal to 

20887600 (1 + -0016 cos 2 X). 
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COEFFICIENT OF VELOCITY. 

Let the vessel abcd, Fig. 1, be filled with water to the 
level ef: then it has been found by experiment that the 
velocity of discharge through a small orifice o, in a thin 
plate^ at the distance of half the diameter outside it, will be 
very nearly that due to a heavy body falling freely from the 
height hf of the surface of the water ef, above the centre 




of the orifice. The velocity of discharge determined by the 
equation v = \/2gh, for falling bodies, is, therefore, called 
the theoretical velocity. If we now put v^ for the actual 
mean velocity of discharge, and c^ for its ratio to the theo- 
retical velocity Vy we shall get v^ = c^v ; and by substituting 

for <?, its value ^/2gh. 

(2.) t?d = Cy \/2^A, 

c^ is termed the coefficient of velocity; its numerical value 

at half the diameter from the orifice is abput '974, and, 

consequently, 

v^ = -974 s/2^. 
This for measures in inches becomes 

v^ = 27-077 v/a,* 
and for measures in feet 

v^ = 7-816 s/h. 

* The yelocities for different heights calculated from this formula, 
are given in the column numbered 2, Table II. 
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The orifice p, is termed an horizontal or\fice m Fig. 1, and 
in Fig. 2 a vertical or lateral orifice. When small, each is 
found to have practically the same velocity of discharge, 
when the centres of the contracted sections are at the same 
depth, h, below the surface; but when lateral orifices are 
large, or rather deep, the velocity at the centre is not, even 
practically, the mean velocity; and in thick plates and 
modified forms of adjutage, the mean velocities are found 
to vary. 

VENA-CONTRACTA AND CONTRACTION. 

It has been found that the diameter of a column issuing 
from a circular orifice in a thin plate, is contracted to very 
nearly eight-tenths of the whole diameter at the distance 
of the radius from it, and that at this distance the con- 
traction is greatest. The ratio of the diameter of the orifice 
to that of the contracted vein, vena-contracta, is not always 
found constant by the same or different experimentalists. 
Newton makes it 1: *841, and, therefore, that of the areas aal : *707 

Poleni 1 • i'^^ 1 • I'^l^^ 

roieni „ i . ^.^gg „ „ i . ^.ggg 

Borda „ 1 : 802 „ „ 1 : 6432 

Michellotti „ 1 : '8 „ „ 1 : -64 

BoBsut „ 1 : |.gjQ „ „ 1 : |.gg^ 

Bu Bufi.t „ 1 : -816 „ „ 1 : -667 

Venturi „ 1 : '798 „ „ 1 : -637 

Eytelwein „ 1 : -8 „ „ 1 : -64 

Bayer „ 1 : -7864 „ „ 1 : -617 

Bayer's value for the contraction has been determined on 
the hypothesis, that the velocities of the particles of water 
as they approach the orifice from all sides, are inversely as 
the squares of their distances from its centre ; and the cal- 
culations made of the discharge from circular, square, and 
rectangular orifices, on this hypothesis, coincide pretty closely 
with experiments. 

FORM OP THE CONTRACTED VEIN, 

Let ORZzd, Fig. 3, be the diameter of an orifice; then at 
the distance r« = — the contraction is found to be greatest ; 

c 2 
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we ehall assume the contracted diameter or = -7864 d. If 
we suppose the fluid column between or and or to be so 
reduced, that the curve lines Rf and oo shall become arcs 
of circles, then it is easy 
to show from the proper- 
ties of the circle, that the 
radius cr must be equal 
to 1-22 d. The mean ve- 
locity in the orifice, or, 
is to that in the vena- 
contracta, or, as '617 : 1 ; 
the moH^ piece, 
I, wUI 




-^iS 




Hroo, Fig. 4, in which ojb = J-or, and flr=' 
give for the velocity of discharge at o, r, 

«d = -974 s/2^ = 7-816 s/h, 

in feet very nearly. In 
speaking of the velocity 
of discharge from orifices 
in thin plates, we always 
take it to be the velocity 
in the vena-contracta, and 
not that in the orifice it- 
self, unless in Tabi.e II., where the mean velocity in the 
latter, as representing c^ \/lgh, is also given. 

COEFFICIENTS OF CONTRACTION AND DISCHARGE. 

If we put A for the area of the orifice or. Fig, 3, and 
Cc X A for that of the contracted section at or, then c^ i& 
called the coefficient of contiaction. The velocity of dis- 
charge Vd is equal to c,\/lgk, equation (2). If we mul- 
tiply this by the area of the contracted section c^ x A, we 
shall get for the discharge 

D = tf, X Cc X A \/lgh.* 

* The ezpressioD c, e^ •/Sgh =: a ^2</h is the tioeScient of the aren 
A, &Dd, consequentlj, representB the mean velocitj in the orifice, the 
coefficient of which ia, therefore, equal to a. The values of a s^SgL 
for different heights and coefficients, are given in Table IL 
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It is evident a \/2gh would be the discbarge if tbere were 
no contraction and no cbange of velocity due to the height A; 
Cy X Cc is therefore equal to the coefficient of discharge. If 
we call the latter c^^ we shall have the equation 

(3.) c^ — c^x €?e, 

and hence we perceive that the coefficient of discharge is 
equal to the product of the coefficients of velocity and con- 
traction. In the foregoing expression for the discharge d, h 
must be so taken, that the velocity at that depth shall be the 
mean velocity in the orifice a. In full prismatic tubes the 
coefficients of velocity and discharge are eqtml to each other, 

MEAN AND CENTRAL VELOCITY. 

In order to find the mean velocity of discharge from an 
orifice, it is, in the first instance, necessary to determine the 
velocity due to each point in its surface, and the discharge 
itself; after which, the mean velocity is found by simply 
dividing the area of the orifice into the discharge. The 
velocity due to the height of water at the centre of a circular, 
square, or rectangular orifice, is not the mean velocity, nor 
is the latter in these, or other figures, that at the centre 
of gravity. When, however, an orifice is small in proportion 
to its depth in the water, the velocity of efflux determined 
for the centre approaches very closely to the mean velocity; 
and, indeed, at depths exceeding four times the depth of the 
orifice, the error in assuming the mean velocity to be that at 
the centre of the orifice is so small as to be of little or 
no practical consequence. It is, therefore, for greater sim- 
plicity, the practice to determine the velocity from the depth 
h of the centre of the orifice ; and the coefficients of dis- 
charge and velocity in the following pages have been cal- 
culated from experiments on this assumption, unless it be 
otherwise stated. 

DISCHARGES THROUGH ORIFICES OF DIFFERENT FORMS IN 

THIN PLATES. 

The orifices which we have to deal with in practice are 
square, rectangular, or circular; and sometimes, perhaps, 
triangular or quadrangular in form. It will be necessary to 
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give here the theoretical expressions for the discharge and 
velocity for each kind of form, but as the demonstrations are 
unsuited to our present purposes we shall omit them. 

TRAPEZOIDAL ORIFICES WITH TWO HORIZONTAL SIDES. 

Put d for the vertical depth of an orifice, ht for the altitude 
of pressure above the upper side, and hi, for the altitude 
above the lower side, we then get 

Ab — At ^ d. 

Let us also represent the upper side of the orifice a or o, 

Fig. 6, by l^, and the lower side by ^5, and put * ^ = L 

4U 



:-r-£:^ A. m 



Tig. 5 










B ^ 



JL 



c \=-;rs 



v////////////////:-/?^ 



Now, when I^-zlI^^ the trapezoid becomes a parallelogram 
whose length is / and depth d\ and putting A for the depth 
to the centre of gravity, we get the equation 

At + - = Ab — 2 = A. 

The general expression for the discharge, d, through a tra- 
pezoidal orifice, a, is 

(4.) D=Cav^x||^,A|-/A^ + §(/t-«^^}> 

in which c^ is the coefficient of discharge; and when the 
smaller side is uppermost as at c, 

(6.) D = Cd s/Tg X I \lA - lA - I (^ - /t) ^JZA .. 
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PARALLEIiOGRAMIC AND RECTANGULAR ORIFICES. 

When /^ = /{^ = /, the orifice becomes a parallelogram, or 
a rectangle^ b, and we have for the dischai^e 

(6.) D = Cd s/2^ X |/{4 - ^* }. 

NOTCHES. 

When the upper sides of the orifices a, b, and c, rise to 
the surface as at A^, b^, and c^. At becomes nothing, and we 
get — as Ai> = ci — : for the trapezoidal notch A^ with the 
larger side up, . 

(7.) D = Cdv/2^x|d'(^+§(ft-W) 

for the trapezoidal notch, Cq, with the smaller side up, 

and for a parallelogramic or rectangular notch, b^, 

(9.) D = Cd y/2ff X pdt^ = ?(7d/^ \/2^. 

It is easy to perceive that the forms of equations (4) and 
(5), and also of equations (7) and (8), are identical* The 
values for the discharge in equations (6) and (9) are equally 
applicable, whether the form of the orifice be a parallelogram 
or a rectangle, the only difference being in the value of the 
coefficient of discharge, c^ which becomes slightly modified 
for each form of orifice. 

TRIANGULAR ORIFICES WITH HORIZONTAL BASES AND 
RECTILINEAL ORIFICES IN GENERAL. 

When the length of the lower side, Zb = 0, the orifice 
becomes a triangle, d, Fig. 6, with the base upwards. 
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In this case, equation (4) becomes 

(10.). d = c,v/2^x|/J!x*L=A*-A!1; 

which gives the discharge through the triangular orifice, d. 

When /t == 0, in equation (5), the orifice becomes a triangle 
F, with the base downwards ; in this case, we find for the 
value of the discharge, 

(11.) D = ca v/2? X lh[hi- 3 X ^^). 

As any triangular orifice whatever can be divided into two 
others by a line of division through one of the angles parallel 
to the horizon; and as the discharge from the triangular 
orifice D or F is the same as for any other on the same base 
and between the same parallels, we can easily find, by such a 
division, the discharge fi*om any triangle not having one side 
parallel to the horizon. 

If the triangle f be raised so that the base shall be on the 
same level with the upper side of the triangular orifice d ; if, 
also, the bases be equal, and also the depths, we shall find, 
by adding equations (10) and (11), and making the necessary 
changes indicated by the diagram, 

(12.) D = C4 >/2^ X ^^ {a| + Af - 2 X hr+^^} 

for the discharge from a parallelogram b with one diagonal 
horizontal. If the orifices d, f, and e rise to the surface of 
the water, as at Dq, e^, and Fq, we shall then have for the dis- 
charge from the notch Dq, 
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D = <7d sj2g X TeAd*: 



(id.) ^ ». «/^ ^ ^y ^ ^^ 

for the discharge from the notch v^, 

(14.) D = Cd y/Jff X 15 /b d*: 

and for the discharge through the notch e^, 

(15.) D =r Cd>/2^ X ^{hl - 2di} = c^sj^^x -9762 WL 

When the parallelogram e^ becomes a square Z = 2 cf, and 
hence, 

(16.) D = Cdv/27x -9752/* x v/i = ^d n/2^ x"3^445»/*. 

The foregoing equations will enable us to find an expression 
for the discharge from any rectilineal orifice whatever, as it 
can be divided into triangles, the discharge from each of which 
can be determined, as already shown in the remark following 
equation (11), The examples which we have given will be 
found to comprehend every form of rectilineal orifice which 
occurs in practice ; but for the greater number of orifices, sunk 
to any depth below the surface, the discharge will be found 
with sufficient accuracy by multiplying the area by the velocity 
due to the centre. 



CIRCULAR AND SEMICIRCULAR ORIFICES. 

The discharge through circular and semicircular orifices in 
thin plates can only be represented by means of infinite series. 
Let us represent by Si the sum of the series 
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1 



T /liaRX/TlQNf 



1 /I 1\ /I l\il_/l 1 3 5\ /I 1 3\£_ 

2""V2'4y ViiM' U'i'e'sy Ui'e; A* 

_/1136 7 9Wll35\tl_o_ 
V2*4-6'81012>/ \2'4-6'8>/ V 

Let us also represent by «2 ^^ sum of the series 



2 



31416 



{\2'3)a'^(2-4-6) \%'b)h^ 



/I 1 3 6 7\ /I 2 4\£^ « ) 

U'4-6"8 io; \3'6-7yA* ■*■ *^^- J • 



then the discharge from the semicircle g, Fig. 7, with the 
diameter upwards and horizontal^ is 

(17.) D = Cd v/2^ X 3-1416*^ («i + «2). 

And the discharge from the semicircle i, with the diameter 
downwards and horizontal, is 



(18.) D = Cd \/2gh X 3-1416 r" (s^ -s^). 

If we put A for the area, we shall also have for the discharge 
from a circle h, 

(19.) D = c^y/2gh X 2a8i. 

In each of these three equations (17), (18), and (19), A is the 
depth of the centre of the circumference below the surface, 
and r the radius. 

When the orifices rise to the surface, we have for the 
discharge from a semicircular notch g^, with the diameter 
horizontal and at the surface. 



(20.) D = Cd \/2ffr X -9686*^ = c^ s/^gr x -6103 a; 

when the circumference of the semicircle is at the surface, 
and the diameter horizontal, as at Iq, 

(21.) D = Cdv/2^ X ^(v/T28-7)r'=Cdv/2^ x -7324 A; 

when the horizontal diameter of the semicircle is uppermost, 
and at the depth r below the surface, 

(22.) D = Cd \/2gr x 1-8667 r* = c^ \/2gr x M884 a; 
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and when the circumference of the entire circle is at the 
surface, as at Hq, 



(23.) D = Cd \/27r X 30171 r'= c^ s/'lgr x -9604 a. 

If we desire to reduce equations (20), (21), and (22), to 
others in which the depth h of the centre of gravity from the 

surface is contained, we have only to substitute .ac ^a a for r in 

equation (20), and we shall get, for the discharge from a 
semicircle with the diameter at the surface. 



(24.) D = Cd ^/2gh X -9367 a : 

also, by substituting Tc^cg for r in equation (21), we get, 

for the discharge from a semicircle when the circumference is 
at the surface and the diameter horizontal. 



(26.) D = Cd \/2gh X -9663 a ; 

and when the horizontal diameter is uppermost, and at the 

depth r below the surface r = a^ and 



{^Q:\ d = Cd v/27a X -9967 a. 

As A stands for the area of the particular orifice in each of 
the preceding expressions for the discharge, it must be taken 
of double the value — in equation (23), for instance, where it 
stands for the area of a circle — ^to what it is in equations 
(20), (21), or (23), where it represents only the area of a 
semicircle. 

MEAN VELOCITY. 

The mean velocity is easily found by dividing the area into 
the discharge per second given in the preceding equations. 
For instance, the mean velocity in the example represented in 

equation (9) is equal 3 c?d \/2^^ which is had by dividing 
the area I d into the discharge i and in like mamier the mean 
velocity in equation (23) is •9604 c^ \/2gr^ 
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PRACTICAL REMARKS. — CIRCULAR ORIFICES. 

It has been shown, equation (19), that, for the discharge 
from a circle, we have 

D = c^\/2gh X 2a«i, 

in which h is the depth of the centre, a the area, and «^ the 
sum of the series 

2 "" (2-4) (2-4)^^ (ii'e's) (iS-eJT*""*^' j- 

and it has also been shown, equation (23), that, when the 
circumference touches the surface, this value becomes 



D = CdV^2^r X •9604a. 

Now when h is very large compared with r, it is easy to. per- 
ceive that 2 «i = 1, and hence 

(27.) D =: Cij,\/2gh X A. 

As this is the formula commonly used for finding the dis- 
charge, it is clear, if the coeflScient c^ remain constant, that 
the result obtained from it for d would be too large. The 
differences, however, for depths greater than three times the 
diameter, or 6r, are practically of no importance; for, by 
calculating the values of the discharge at different depths, we 
shall find, when 

' A == r, that d = c^ s/2gh x -960 a ; 



(28.) 



( 



A --4, 

A =-4' 

A = 2r, 
h = 3r, 

h = 6r, 



99 



D = CdV^27A x •978a; 



D = c^x/Tgh X •985a; 



D = Cdv/2^A X •989a; 

D = Cd\/2^A X •992a; 
D=zc^^2gh X •996a; 
D = Cd\/2^A X •998a; 
D = Cdv/2^A X •9987a; 
\h = 6r, „ D = Cd \/^2gh x -9991 a. 
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These results show very clearly that, for circular orifices, 

the common expression for the discharge c^ \/2gh a is abun- 
dantly correct for all depths exceeding three times the 
diameter, and that for lesser depths the extreme error cannot 
exceed four per cent, in reduction of the quantity found by 
this formula. We shall show, hereafter, when discussing the 
value of ^d9 ^hat from the sinking of the surface, and perhaps 
other causes, the discharge at lesser depths is even larger 

than that exhibited by the expression c^y/2ghK^ the value 
of c^ being found to increase as the depths h decrease. 



RECTANGULAR ORIFICES. 

It has been shown, equation (6), that the discharge from 
rectangular orifices with two sides parallel to the surface is 
expressed by the equation 

6 

in which I is the horizontal length of the orifice, h^ the depth 
of water on the lower, and \ the depth on the upper, side. 
As it is desirable in practice to change this form into a more 
simple one, in which the height A of the centre and depth d 

of the orifice only are included, we then have Ab = A + - 

and At= A — -. By substituting these values of h^ and At 

in the foregoing equations, and developing the result into a 
series, the terms of which, after the third, may be neglected, 
and putting a for the area I d, we shall find 

(29.) D = Cd x/2gh X a 1 1 — gg ^jvery nearly. 



We have therefore for the accurate theoretical discharge 



(30.) b = £?d \/2ffh X g- A 



dA* 
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for the approximate dischai^e 

and for the discharge by the common formula 

D = ^d \/2^A X A. 

When the head (A) is large compared with (d) the height of 
the orifice, each of the three last equations gives the same 
value for the discharge; but as the common expression 

c^^2ghjL is the most simple; and as the greatest possible 
error in using it for lesser depths does not exceed six per 
cent., viz. when the orifice rises to the surface and becomes a 
notch, it is evidently that formula best suited for practical 
purposes. The following Table will show more clearly the 
differences in the results as obtained from the true, the 
approximate and the common formulas, applied to lesser 
heads. 

(31.) 



f^ - - - 

1 








2 








3 


*-2' 


D = 


^d\/2^A 


X •9428 a. 


D = 


Ci\/2ffh 


X •9683 a. 


h- g, 


99 


99 


99 


X -9693 A. 


99 


99 




X •9733 a. 


A = _, 


99 


» 


>> 


X •9796 a. 


>f 


W 




X •9816a. 


A- g, 


9> 


99 


99 


X •9854 a. 


99 


» 




X •9864 a. 


h ziz dy 


99 


» 


W 


X •9890a. 


99 


» 




X •9896 a. 


A- 2, 


>> 


99 


>> 


X -9963 A. 


99 


99 




X •9964a. 


A = 2rf, 


99 


99 


» 


X •9974a. 


99 


>> 




X •9974 a. 




>> 


W 


>l 


X •9983 a. 


>> 


» 




X •9983 a. 


A = 3d, 


>> 


» 


W 


X •9988a. 


99 


W 




X •9988 a. 


A--2-, 


99 


99 


9> 


X -999 1a. 


>> 


99 




X ^9991 A. 


A = 4d, 


» 


>> 


» 


X •9994 a. 


» 


f9 




X •9994 a, 


h =: lOd, 


99 


W 


W 


X •9999 a. 


W 


>> 




X •9999 a. 
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In the foregoing Table the first column contains the head at 
the centre of the orifice expressed in parts of its height d; 
the second contains the values of the discharges according to 
equation (30) ; and the third column contains the approximate 
yalucQ determined from equation (29), the results in which are 
something larger than those in column 2, derived from the 
correct formula. The numerical coefficients of a, at every 
depth, are less in both than unity, the constant coefficient 
according to the common formula. The latter, therefore 
(as in circular orifices), gives results exceeding the true ones, 
but the excess is inappreciable at greater depths than A =: 3£2, 
and for lesser depths than this the error cannot exceed six per 
cent. It may be useful to remark here, that when the orifice 
rises to the surface the centre of mean velocity is at four- 
ninths of the depth, and the centre of gravity at two-thirds 
of the depth from the surface. The former fraction is the 
square of the latter. 



SECTION III. 

EXPERIMENTAL RESULTS. — COEFFICIENTS OF DISCHARGE. 

We have heretofore dwelt but very partially on the numerical 
values of the general coefficient of discharge c^. In order to 
determine its value under different circumstances more par- 
ticularly, it will be now necessary to consider some of the 
experiments which have been made from time to time. These 
do not always give the same results, even when conducted 
under the same circumstances and by the same parties, and 
there appears to exist a certain amount of error, more or less, 
inseparable from the subject. The experiments with orifices 
in thin plates affi^rd the most consistent results; but even 
here the dififerences are sometimes greater than might be 
expected. In many of the earlier experiments the value of 
the coefficient c^ comes out too large, which arises, very 
probably, from the orifices experimented with not being in 
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thin plates^ and partaking, more or less, of the nature of a 
short tube or mouth-piece with rounded arrisses, which we 
shall see gives larger coefficients than simple orifices. When 
an orifice is in the bottom of a vessel, it would appear more 
correct to measure the head from the surface to the vena- 
contracta than from the surface to the orifice itself; and as 
any error in measuring the head in any experiment must 
affect the value of the coefiicient derived from such experi- 
ment, so as to increase it when the error is to make the head 
less, and vice versd, it appears that heads measured to an 
orifice in the bottom of a vessel, and not to the vena-contrtictaj 
must give larger coefficients from the experimental results 
than, perhaps, the true ones. The coefficients in the following 
pages have been almost all arranged and calculated, by the 
writer, from the original experiments. 

In 1739 Dr. Bryan Robinson made some experiments on 
the discharge through small circular orifices, from one-tenth 
to eight-tenths of an inch in diameter, with heads of two and 
four feet*, which give the following coefficients. 

OOEVFIOISNTS FBOX DB. B. BOBIHSOK's XXPBBIMBRTS. 



Heads. 


l\j inch 
diameter. 


•f^ inch 
diameter. 


J) inch 
diameter. 


-ft inch 
diameter. 


2 feet head 
4 feet head 


•768 
•768 


•767 

•774 


•761 
•766 


•728 
•742 



These results are pretty uniform, and the values from which 
they are derived are said to be " means taken from five or six 
experiments;" as values of c^ they are, however, too high. 
The apparatus made use of is not described ; but it is probable, 
from the results, that the plate containing the hole or orifice 
was of some thickness, and that the inner arriss was slightly 
rounded. There is here, however, a very perceptible increase 
in the coefficients for the smaller orifices, but none for the 
smaller depth. 



« Helflham'B Lectures,, p. 390. DubUn, 1739. 
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In a paper in the Transactions of the Royal Irish Academy^ 
vol. ii. p. 81, read March 1st, 1788, Dr. Mathew Young de- 
termines the value of the coefficient for an orifice -jV i'^ch in 
diameter, with a mean head of 14 inches, to be *623. The 
manner in which this value is determined is very elegant, viz. 
by comparing the observed with the theoretical time of the 
water in the vessel sinking from 16 inches to 12 inches. 

The following experiments by Michelotti, with circular 
orifices from 1 to about 3 inches diameter, and with from 6 
to 23 feet heads, give for the mean value c^ =: '613 ; and for 
square orifices of from 1 to 9 square inches in area, at like 
depths, the mean value of c^ = '628. The experiments are 
given in French feet and inches, according to which standard 

we have, in feet, d = 7*77 a \/li x t, t being the time in 
seconds*. As the time of discharge in these experiments 
varies from ten minutes to an hour, and as the depths are 
considerable, the results must be looked upon as pretty accu- 
rate ; and it is worthy of note that here the coefficients are 
larger for square than for circular orifices. 



* The value of s/^gh^ equation (1), for measures in French feet, is 

7'77 k/ hy and for measures in French inches, 26'9 >J h^ g being equal to 
30*2 feet, or 362*4 inches, French measure. One French foot is equal to 
1*06578 English feet, and the inches preserve the same proportion. The 
resulting coefficients must be the same, whatever standards we make our 
calculations &om. Many of the most valuable formulae and experi- 
ments in hydraulics are given in French measures of the old style. As 
our object, however, in the present section is simply to determine from 
experiment the relation of the experimental to the theoretical dis- 
charge^ it is not necessary to reduce the experiments to other measures 
than those in the original ; but the value of the force of gravity, g^ 
must of course be taken in those measures with which the experiments 
were made. In the French decimal, or modem style, the metre is equal 
to 3*2809 English feet, or 39*371 inches. The tenth part of a metre 
is the decimetre, and the tenth part of the decimetre is the centimetre, 
as the names imply. 



D 
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OOKryiOlMRTB fBOM XIOHILOTTI'b BXPIBDCEHTS. 



Deicriptton and 

■ise of (wifioe, in 

French incfaef. 



Square orifice, 
8" X 3" 



Depth of fhe 

centre of the 

orifleei in 

French feet. 



6-618 
6-852 
11-676 
11-818 
21-691 
21-715 



Quantity 

diachari^, 

in cubic feet. 



463-604 
566-458 
516-785 
612-118 
415-487 
499-222 



Time of 
discliarge, 
inieconds. 



600 
720 
510 
600 
300 
860 



Theoretical 

time, 

calculated 

from 

D 



t = 



7-77A%/fc 



371-8 
445-6 
811-4 
866-6 
183-7 
220-6 



Resulting 

coefficients 

oi dischaige. 



-619 
•619 
•610 
•611 
•612 
•618 



Mean value of the coefficient; square orifice Z" X 3" '614 



Square orifice, 
2" X 2' 



>// 



6-625 
11-426 
21-442 



329-806 
423-465 
385-333 



900 
900 
600 



594- 

580-4 

385-7 



-660 
•645 
•648 



Mean value of the coefficient; square orifice 2" x ^' 



•649 



Square orifice, 
1" X 1' 



I '/ 



6-757 
11-889 
21-507 



158-549 
163-792 
562-944 



1800 
1440 
8600 



1585- 
880-6 
2249-9 



-628 
-612 
-625 



Mean value of the coefficient ; square orifice 1'' x 1" 



-621 



Circular orifice, 
8"' diameter 



6-694 
11-590 
21-611 



542-85 

570-972 

521-299 



900 
720 
480 



550-1 
439-6 
293-8 



-611 
•610 
•612 



Mean value of the coefficient ; circular orifice 8" diameter ^61 1 



Circular orifice, 
2f' diameter 



6-785 
11-722 
21-903 



488-687 
589-535 
575-486 



1800 
1680 
1200 



11081 

1016-4 

725-9 



•616 
•605 
•605 



Mean value of the coefficient ; circular orifice 2'' diameter 



-609 



Circular orifice, 
1" diameter 



6-875 
11-743 
22014 



247-354 

32411 

444-535 



3600 
3600 
3600 



2227^ 
2233* 
2237-2 



•619 
•620 
•621 



Mean value of the coefficient ; circular orifice 1'' diameter 



•620 
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The experiments made by the Abbe Bossut^ contained in 
the following table^ give the mean value of c^, for both circular 
and square orifices, equal to '616 nearly; and it may be per- 
ceived that, for the small depth in the last experiment, the 
coefficient rises so high as '649. These and other experiments 

OOEFFIOISNTS FKOM BOSSUT'S XXPEBIHSNTS. 



Description^ position, and size of 
orifice, in French inches. 


Depth of 
the centre 

of the 

orifice, in 

French 

inches. 


Number 

of French 

cubical 

inches 

discharged 

per minute. 


Theoretical 

discharge 

per minute. 


Resulting 
coefficients. 


Horizontal and circular^ ^" diameter 
Horizontal and circular, 1'' diameter 
Horizontal and circular, 2f' diameter 
Horizontal and rectangular, 1" x i" 
Horizontal and square, 1'' X 1'' ••• 
Horizontal and square, 2" X 2'' ... 

Lateral and circular, ^" diameter... 
Lateral and circular, 1'' diameter... 
Latertdand circular, \" diameter... 
Lateral and circular, 1'' diameter... 
Lateral and circular, 1'' diameter... 


140-832 
140-832 
140-832 
140-832 
140-832 
140-832 

108- 
108- 

48- 

48^ 
0-6833 


2311 

9281 

37203 

2933 

11817 

47361 

2018 
8136 
1353 
5436 
628 


3760-8 
15043-8 
60173-1 

4788-4 
19153-7 
76614-6 

3293-8 

13173-3 

2196-5 

8782-2 
968- 


•614 
•617 
•618 
•613 
•617 
•618 

•618 
•617 
•616 
•619 
-649 



led the Abbe to construct a table of the discharges, at dif- 
ferent depths, from a circular orifice 1 inch in diameter, from 
which we have determined the following table of coefficients. 

OOBFFIOIENTfl DEDUCED FBOH BOSSUT's EXPERIMENTS. 



Heads, 
in feet. 


Coefficients. 


Heads, 
in feet. 


Coefficients. 


Heads, 
in feet. 


Coefficients. 


1 
2 
3 
4 

5 

1 


•621 
•621 
•621 
•620 
•620 


6 

7 

8 

9 

10 


•620 
•620 
•619 
-619 
•619 


11 
12 
13 
14 
16 


-619 
-618 
•618 
•618 
•617 



These increase, as the orifice approaches the surface, from 
•617 to '621 ; and at lesser depths than 1 foot other experi-, 

D 2 
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ments show an increase in the coefficient up to *650» The 
experiments of Poncelet and Lesbros show, however, a re- 
duction in the coefficients for square orifices 8" x 8" as they 
approach the surface from '601 to '672, 

Brindley and Smeaton's experiments, with an orifice 1 inch 
square placed at difierent depths, give a mean value for c^ of 



) 



OOBVFIOIBNTS OALOULATED FBOM BBIKDLBT ABD SMSATOIT'S BXPEKIMEirFS. 

1 foot head : orifice 1" x 1" : coefficient -639 

2 feet head : orifice 1'' x 1'' : coefficient -635 
8 feet head : orifice V x 1'' : coefficient •648 > mean •637. 

4 feet head : orifice X" x 1'' : coefficient '632 

5 feet head : orifice 1'' x 1'': coefficient -632 

6 feet head : orifice i" x V : coefficient -077 



•637. The last experiment, with an orifice only 1^ inch by 
|- inch, gives so small a coefficient as *557 placed at a depth 
of 6 feet ! 

For notches 6 inches wide and from 1 to 6J inches deep, 
Brindley and Smeaton's experiments give the mean value of 



OOBFFIOIENTS FOB NOTOHBS, OALOULATBD FKOM BBDTDLET AHD 


smeaton's 






EXPEBIMENTS. 






Ratio of the 

length 
to the depth. 


Siieof 

notches 

in inches. 


Coefficients. 


Ratio of the 

length 
to the depth. 


Siseof 
notches 
in inches. 


Coefficients. 


•92tol 


6x6h 


•638 


3-7 tol 


6X11 


•638 


1-07 to 1 


6xH 


•571 


4-4 tol 


6xlf 


•654 


r2 tol 


6X5 


•609 


4-8 tol 


6xli 


•681 


1-92 to 1 


6x3i 


•602 


6- tol 


6x1 


•718 


2*4 tol 


6x2ft* 


•636 


Mean 


yalne. 


•637 



Cd := '637. The coefficient of discharge for notches and 
orifices appear to differ as little from each other as those for 
either do in themselves. The results also show a general 
though not uniform increase in the coefficients for smaller 
depths, 

Du Buat's experiments with notches 18*4 inches long, 

* This depth is misprinted 2f^ inches in the Encyclopaedias, the 
resulting coefficient for which would be '568 instead of *63l^, as aboTe, 
for a depth of 2^ inches. 



ORIFICES^ WEIRS^ PIPES, AND RIVERS. 



37 



give the mean Value of c^ = '632, which differs very little 
from the mean value determined from Brindley and Smeaton's 
experiments. 

OOEFnOIENTS FOB KOICHBS, OALOITLATED VBOK D0 BTJAT*8 BXPBBDIXHTS. 



Ratio of the 

length 
to the depth. 


Siseof 

notches 

in inches. 


Coefficients. 


Ratio of the 

length 
to the depth. 


Siieof 

notches 

in inches. 


Coefficients. 


2-72 to 1 
3-94 to 1 


184 X 6-753 
18-4 X 4-665 


•630 
•627 


5-75 to 1 
103 tol 


18-4 X 8199 
18-4 X 1-778 


•624 
•648 



Poncelet and Lesbros' experiments give the coefficients 
in the following table, for notches 8 inches wide ; the mean 



COBFFIOIENTS FOB NOTCHES, 


BT POnOBLET AND LB8BB0B. 


Ratio of the 

length 
to the depth. 


Size of 

notches 

in inches. 


Coefficients. 


Ratio of the 

length 
to the depth. 


Sixeof 

notches 

in inches. 


Coefficients. 


•9 tol 


8X9 


•577 


333 to 1 


8X24 


•601 


1 tol 


8X8 


•585 


5 tol 


8x1-6 


•611 


1-3 tol 


8x6 


•590 


67 tol 


8x1-2 


•618 


2 tol 


8x4 


•592 


10 tol 


8x0-8 


•625 


2-5 tol 


8x3-2 


•595 


20 tol 


8X04 


•636 



value of all the coefficient in these experiments is *603. 
Here the coefficients increase in every instance as the depth 
decreases^ or as the ratio of the length of the notch to its 
depth increases. We shall have to refer to the valuable 
experiments made at Metz, on the discharge from differently- 
proportioned orifices immediately. 

Rennie's experiments for circular orifices at depths from 

GOBFFIOIENTS FOB OIBOULAB OBIFIOES, FBOH BENNIE's EZPEBDCENTS. 



Heads at the 

centre df the 

orifice in feet 


iinch 
diameter. 


iinch 
diameter. 


3 inch 
diameter. 


linch 
diameter. 


Mean 
values. 


1 
2 
3 
4 
Means 


•671 
•653 
•660 
•662 
•661 


•634 
•621 
•636 
•626 
•629 


•644 
•652 
•632 
•614 
•635 


•633 
•619 
•628 

•584 
•616 


^646 
*6d6 
^689 
'621 
•635 



38 



THE DISCHARGE OF WATER FROM 



1 foot to 4 feety and of diametere from ^ inch to 1 inch, 
give the following coefficients. Here the increase in the 
coefficients for lesser orifices and at lesser depths exhibits 
itself very clearly, notwithstanding a few instances to the 
contrary. The mean value of the coefficient c^ derived 
from the whole, is *635. For small rectilineal orifices the 
coefficients were as follows : — 



OOEmOIBNTfl FOB REOTANOULAA OSIFIOBS, FBOM 


BBVinE*8 EZPBBIMBirrS. 


Heads at the 

centre of gravity, 

in feet 


1! 


T 


1 

111* 

lip 


* • 

liii 


•2 If 


1 
2 
3 
4 
Means 


•617 
•635 
•606 
•593 
•618 


•617 
•635 
•606 
•593 
•613 


•663 
•668 
•606 
•598 
•632 


» 

•593 
•593 


•596 
•577 
•572 
•593 

•585 



The most valuable series of experiments of which we are 
possessed are those made at Metz, by Poncelet and Lesbros. 
These were made with orifices eight inches wide, nearly, and 
of different vertical dimensions placed at various depths 
down to 10 feet. The discrepancies as to any general law 
in the relation of the different values of the coefficient of 
discharge c^ to the size and depth of the orifice in the pre- 
ceding experiments, have been remedied to a great extent by 
these. . They give an increase of the coefficients for the 
smaller and very oblong orifices as they approach the surface, 
and a decrease under the same circumstances in those for 
the larger square and oblong orifices. There are a few 
depths where maximum and minimum values are obtained : 
we use the terms "maximum and minimum values" for 
those which are greater in the one case and less in the other 
than the coefficients immediately before and after them, and 
not as being numerically the greatest or least values in the 
column. We have marked with a *, in the arrangement of 
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the coefficients, Table L, these maximum and minimum 
values. The heads given in this table are measured to the 
upper side of the orifices, and by adding half the depth (d) 
to any particular head, v^e obtain the head at the centre. 

As a perceptible sinking of the surface takes place in 
heads less than from five to three times the depth of the 
orifice, the coefficients are arranged in pairs, the first column 
containing the coefficients for heads measured from the still 
water surface some distance back from the orifice, and the 
second those obtained when the lesser heads, measured 
directly at the orifice, were used. A very considerable in- 
crease in the value of the coefficients for very oblong and 
shallow small orifices, may be perceived as they approach the 
surface, and the mean value for all rectilinear orifices at 
considerable depths, seems to approach to '605 or '606. 

We have shown, equation (29), that the discharge is 



D = Cd X 



1- ^ 



96 h' 



. X iL\j2ghy 



the value of c^ J 1 — 



approximately, in which d is the depth of the orifice, and h 
the head at its centre. Now it is to be observed, that it is 
not the value of c^ simply, which is given in Table I., but 

., the coefficient of a \/2gh. 

The coefficients in the table are, therefore, less than the 
coefficient of discharge, strictly so called, by a quantity 

equal to -^ . The value of this expression is in general 

very small, and it is easy to perceive from the first of the 
expressions in equation (31), that it can never exceed 4^ per 
cent., or •0417 in unity. If we wish to know the discharge 
firom an orifice 4 inches square =s 4" x 4", with its centre 
4 feet below the surface, which is equivalent to a head of 
3 feet 10 inches at the upper side, we find from the table the 

value of Cd 1 1 **• A = '601 ; hence we get 
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D=:-601 X i.^/2^l = ■ml x^x 8-025 x 2 = 

•601 X g X 1605 = 5 X 9-646 = 1-072 

cubic feet per second. In the absence of any experiments 
with latter orifices, we roust, when they occur, use the co- 
efficients given in this table; and, in order to do so with 
judgment, it is only necessary to observe the relation of the 
sides and heads. For example, if the si7.e of an orifice be 
16" X 4", we must seek for the coefficient in Uiat column 
where the ratio of the sides is as four to one, and if the head 
at the upper side be five times the length of the orifice, we 
shall find the coefficient -626, which in this case is the same 
for depths measured behind, or at the orifice. For lesser 
orifices, the results obtained from the experiments of Mi- 
cheloiti and Bossut, pages 34 and 35, are most appUcable; 
and also the coefficients of Rennie, pages 37 and 38. It is 
almost needless to observe, that all these coefficients are only 
applicable to orifices in thin plates, or those having the outside 
arrises chamfered, as in 
Fig. 8. Very little de- 
peudance can be placed 
on calculations of the 
quantities of water dis- 
chai^ed from other ori- 
fices, unless where the j 
coefficients have been a 
ready obtained by ex- 
periment for them. If the inner arris next the water be 
rounded, the coefficient will be increased. 

NOTCHES AND WEIRS. 

We have already given some coefficients, pages 36 and 37, 
derived from the experiments of Du Bu^t, Brindley and 
Smeaton, and Poncelet and Lesbros, for finding the dis- 
charge over notches in the sides of large vessels; and it does 
not appear that there is any difference of importance between 
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these and those for orifices sunk some depth below the 
surface, when the proper formula for finding the dischai^e 
for each is used. If we compare Poncelet and Lesbros' co- 
efficients for notches, page 37, with those for an orifice at 
the surface. Table I., we perceive little practical difference 
in the results, the heads being measured back from the 
orifice, unless in the very shallow depths, and where the 
ratio of the length to the depth exceeds five to one. The 
depths being in these examples less than an inch, it is 
probable that the larger coefficients found for the or\fice 
at the surface, arise from the upper edge attracting the fluid 
to it and lessening the effects of contraction. Indeed, the 
results obtained from experiments with very shallow weirs, or 
notches, have not been at all uniform, and at small depths 
the discharge must proportionably be more affected by move- 
ments of the air and external circumstances than when the 
depths are considerable. We shall see that in Mr. Black- 
well's experiments the coefficient obtained for depths of 
1 and 2 inches was '676 for a thin plate 3 feet long, while 
for a thin plate 10 feet long it increased up to '806. 

The experiments of Castel, with weirs up to about 30 inches 
long, and with variable heads of from 1 to 8 inches, lead 
to the coefficient '597 for notches extending over one-fourth 
of the side of a reservoir ; and to the coefficient '664 when 
they extend for the whole width. For lesser widths than 
one-fourth, the coefficients decrease down to '584 ; and for 
those extending between one-third of, and the whole width, 
they increase from '600 to '665 and '680. Bidone finds 
Cd = '620, and Eytelwein c^ = '635. It will be perceived 
from these and the foregoing results, that the third place 
of decimals in the value of c^, and even sometimes the 
second, is very uncertain ; that the coefficient varies with the 
head and ratio of the notch to the side in which it is placed; 
and we shall soon show that the form and size of the weir, 
weir-basin, and approaches, still further modify its value. 

When the sides and edge of a notch increase in thickness, 
or are extended into a shoot, the coefficients are found to 
reduce very considerably; and for small heads, to an extent 
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beyond what the increase of resistance^ from friction alone, 
indicates. Poncelet and Lesbros found, for or\ficeSy that 
the addition of a horizontal shoot, 21 inches long, reduced 
the coefficient from '604 to '601, with a head of 4 feet; but 
for a head of only \\ inches, the coefficient fell from '572 
to "483, the orifice being 8" x 8". For notches 8 inches 
wide, with a horizontal shoot 9 feet 10 inches long, the 
coefficient fell from '682 to "479, for a head of 8 inches; and 
from "622 to '340, for a head of only 1 inch. Castel found 
also, for a notch 8 inches wide with a shoot 8 inches long 
attached and inclined at an angle of 4"* 18', that the mean 
coefficient for heads from 2 to 4) inches was only '527''^. 

We have obtained the following table of coefficients from 
some experiments made by Mr. Ballard, on the river Severn, 
near Worcester, " with a weir 2 feet long, formed by a 
board standing perpendicularly across a trough." f 'Fke 

OOEFVIOIEHTS FOB 8H0ST WBIRS OYEB B0ABD8. 

ffeads measwed on, the crett. 



Deptlu 
ininchea. 


Coefficients. 


Depths 
in inches. 


Coefficients. 


Depths 
in inches. 


Coefficients. 
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heads or depths were here measured on the weir, and hence 
the coefficients are larger than those found from heads mea- 
sured back to the surface of still water. 

Experiments made at Chew Magna, in Somersetshire, by 
Messrs. Black well and Simpson, in 1850 J, give the following 
coefficients. 

* Trait6 Hydraulique, par D'Aubuisson, pp. 46, 94 et 95. 

t Oiyil Engineer and Architect's Journal for 1851, p. 647. 

X Civil Engineer and Architect's Journal for 1851, pp. 642 and 645 
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" The overfall bar was a cast-iron plate 2 incheB thick, 
with a square top." The length of the over&ll was 10 feet 
The heads were measured from still water at the side of 
the reservoir, and at some distance up in it. The area of 
the reservoir was 21 statute perches, of an irregular figure, 
and nearly 4 feet deep on an average. It was supplied from 
an upper reservoir, hy a pipe 2 feet in diameter and of 
19 feet fall; the distance between the supply and the weir 
was about 100 feet. The width of the reservoir as it ap- 
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preached the overfall was about 50 feet, and the plan and 
section. Fig. 9, of the weir and overfall in connection with it, 
will give a fair idea of the circumstances attending the 
experiments. For heads over 6 inches the velocity of ap- 
proach to the weir was " perceptible to the eye," though its 
amount was not determined. We perceive that the co- 
efficient (derived from two experiments) for a depth of 
8 inches is '802, while the coefficient (derived from three 
experiments) for a depth of 7|^ inches is '71 7, and for 
depths from 8 to 8|| inches the mean coefficient is *743 : as 
all the attendant circumstances appear the same, these dis- 
crepances and others must arise from the circumstances of 
the case : perhaps the supply, and, consequently, the velocity 
of approach, was increased while making one set of experi- 
ments, without affecting the still water near the side where 
the heads appear to have been taken. By comparing the 
results with those obtained by one of the same experi- 
menters, Mr. Blackwell, on the Kennet and Avon Canal, 
we shall immediately perceive that the velocity of approach, 
and every circumstance which tends to alter and modify it, 
has a very important effect on the amount of the discharge, 
and, consequently, on the coefficient. 

The experiments made by Mr. Blackwell, on the Kennet 
and Avon Canal, in I860*, afford very valuable instruction 
as the form and width of the crest were varied, and brought 
to agree more closely with actual weirs in rivers than the 
thin plates or boards of earlier experimenters. We have 
calculated and arranged the coefficients in the following table 
from these experiments. The variations in the values for 
different widths of crest, other circumstances being the same, 
are very considerable; and the differences in the coefficients, 
at depths of 5 inches and under, for thin plates and crests 
2 inches wide, are greater than mere friction can account 
for ; and greater also than the differences at the same depths 
between the coefficients for crests 2 inches wide, and 3 feet 
wide. 

* Civil Engineer and Architect's Journal, 1851, p. 642. 
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The plan and section, Fig. 10, will give a fair idea of the 
approach to, and nature of the overfall made use of in these 



Fi^. 10 
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Plan shew the sub- 
merged masonry ap- 
pearing at C in Section. 
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experiments. The area of the reservoir was 2a. 1r. 30p., 
and the head was measured from the surface of the still 
water in it, which remained unchanged between the be- 
ginning and end of each experiment. The width of the 
approach ab from the reservoir was about 32 feet; the 
width at ab about 13 feet, below which the waterway 
widened suddenly, and again narrowed to the length of the 
overfall. The depth in front of the dam appears to have 
been about 3 feet; the depth on the dam, next the overfall, 
about 2 feet; and the depth on the sunk masonry in the 
channel of approach, about 18 inches. Altogether, the cir- 
cumstances were such as to increase the amount of re- 
sistances between the reservoir, from which the head was 
measured, and the overfall, particularly for the larger heads, 
and we accordingly see that the coefficients become less for 
heads over six inches, with a few exceptions. The measure- 
ments of the quantities discharged appear to have been 
made very accurately, yet the discharges per second, with the 
same head and same length of overfall, sometimes vary; 
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for instance, with the plank 2 inches thick and 10 feet long, 
the discharge per second for 4 inches head varies from 
6*098 cubic feet to 6*491 cubic feet, or by about one-sixteenth 
of the whole quantity. Most of the results, however, are 
means from several experiments. The quantities discharged 
varied from one-tenth of a cubic foot to 22 cubic feet per 
second, and the times from 24 to 420 seconds. If we com- 
pare the coefficients for a plank 10 feet long and 2 inches 
thick in the foregoing table with those for the same overfall 
at Chew Magna, we shall immediately perceive how much 
the form of the approaches affects the discharge. Indeed, 
were the area of the reservoir at Chew Magna even larger 
than that for the Kennet and Avon experiments, it would 
be found, notwithstanding, that the coefficients in the former 
would still continue the larger, though not fully as large as 
those found under the particular circumstances. 

HEAD, AND FROM WHENCE MEASURED. 

By referring to Table I., we shall see that there is a 
difference in the coefficients as obtained from heads measured 
on or above the orifice. This difference is greater in notches, 
or weirs, than in orifices sunk below the surface; and when 
the crest of a weir is of some width, the depths upon it 
vary*. In the Kennet and Avon experiments, the heads 
measured from the surface of the water in the reservoir, and 
the depths at the "outer edge" (by which we understand 
the lower edge) of the crest were as follows : — 

* There is a very important omission in almost all the preceding 
experiments on weirs and notches. In Fig. 10, for instance, it would 
have been necessary to have obtained the heads at AB and a 5 in each 
experiment, above the crest, and also the head on and a few feet above 
the crest itself. These would indicate the resistances at the different 
passages of approach, and enable us to calculate the coefficients cor- 
rectly, and thereby render them more generally applicable to practical 
purposes. The coefficients in the table at page 45, are not as valuable 
as they otherwise would be from this omission. The level of still water 
near the banks is below that of the moving water in the current, 
therefore, heads measured from still water must give larger coefficients 
than if taken from the centre of the current. This may account, to 
some extent, for the larger coefficients in the table at p. 43. 
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No intermediate heads are given, but those registered point 
out very clearly the great differences which often exist be- 
tween the heads measured on a weir, or notch, and those 
measured from the still water above it; and how the form of 
the weir itself, as well as the nature of the approaches, alters 
the depth passing over. On a crest 2 feet wide, with 
14J inches depth on the upper edge, we have found that the 
depth on the lower edge is reduced to 11 J inches. The head 
taken from 3 to 20 feet above the crest, where the plane of 
the approaching water surface becomes curved, is that in 
general which is best suited for finding the discharge by 
means of the common coeflScients, but a correct section of 
the channel and water-line, showing the different depths 
upon and for some distance above the crest, is necessary in all 
experiments for determining accurately by calculation the 
value of the coefficient of discharge c^. 

Du Bu&t, finding the theoretical expression for the dis- 
charge through an orifice of half the depth A, 
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equation (6) 
= |/Ax/2^x {1 - (I)*} = -646 X I /A v/2jA, 

to agree pretty closely with his experiments, seems to have 

h 

assumed that the head h was reduced to ^ in passing over. 

This is a reduction, however, which never takes place unless 
with a wide crest and at its lower edge, or where the head h 
is measured at a considerable distance above the weir, and 
a loss of head due to the distance and obstructions in 
channel takes place. When there is a clear weir basin 
immediately above the weir, we have found that, putting h 
for the head measured from the surface in the weir basin 
and hyf for the depth on the upper edge of the weir, that 

(32.) h^Kz^'Us/h, 

for measures in feet, and 

(33.) A - A^ = -48 s/hy 

for measures in inches. The comparative values of h and 
hyf depend, however, a good deal on the particular circum- 
stances of the case. Dr. Robinson found* A= I'lllA^ 
when h was about 5 inches. The expressions we have given 
are founded on the hypothesis, that A — A^ is as the velocity 

of discharge, or as the \/li nearly. For small depths, 
there is a practical difficulty in measuring with sufficient 
accuracy the relative values of A and A^. Unless, for very 
small heads the sinking will be found in general to vary from 

•j-^ to -^9 fi.nd in practice it will always be useful to observe 

the depths on the weir as well as the heads for some 
distances (and where the widths contract) above it. 

In order to convey to pur readers a more definite idea of 
the differences between the coefficients for heads measured 

* Proceedings of the Royal Irish Academy, toI. iy. p. 212. 

B 
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at the weir, or notch, and at some distance above it, we 

h 
shall assume the difference of the heads A — A^ = -^ ; 

T 

hence h = A^ a^d A» = — -— r A. 

r • r + 1 

Now the discharge may be considered as that through an 
orifice whose depth is h^ with a head over the upper edge 

equal to A « A^ = — ; hence from equation (6) the discharge 

is equal to 

s 

and substituting for A* its value (j '^ ^ hj) j we shall find 
the value of 

r ) \r 



(34.) D = |/A,v/2sr^r x rrf((l +1)* - [^)\ 



-x(('-i)*-(i)*)' 



As the value of the discharge would be expressed by 

•g-ZAw v/2^Aw X ^d 

if the head h^-h^ were neglected, it is evident the coefficient 
is increased, under the circumstances, from q ^ 

r / \ r 
or, more correctly, the common formula has to be multiplied 

byfl+ — j — f — j, to find the true discharge, and 

the value of this expression for different values of — =; n 

r 

will be found in Table IV. If we suppose that 

A — A- == -2., then —:::--.= w; 
"" 10 r 10 

and we find from the table ( 1 +-V— ( — ) = 1'1221. 
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Now if we take the value of c^ for the full head A to be '628, 

we shall find 1 -1221 x -628 = -706, rejecting the latter figures, 

for the coefficient when the head is measured at the orifice; 

12 
and if — == zzn, we should find in the same manner 

r 10 ' 
the new coefficient to be 1*2251 x *628 = "769 nearly. 
The increase of the coefficients determined, page 42, from 
Mr. Ballard's experiments is, therefore, evident from prin- 
ciple, as the heads were taken at the notch ; and it is also 
pretty clear that, in order to determine the true discharge^ 
the heads both ouy at, and above a weir should be taken. 
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VARIATIONS IN THE COEFFICIENTS FROM THE POSITION OF THE 
ORIFICE. GENERAL AND PARTIAL CONTRACTION. VELO- 
CITY OF APPROACH. CENTRAL AND MEAN VELOCITIES. 

A glance at Table I. will show us that the coefficients 
increase as the orifices approach the surface, to a certain 
depth dependent on the ratio of the sides, and that this 
increase increases with the ratio of the length to the depth. 
Some experimenters have found the increase to continue 
uninterrupted for all orifices up to the surface, but this seems 
to hold only for depths taken at or near the orifice when it is 
square or nearly so. It has also been found that the co* 
efficient increases as the orifice approaches to the sides or 
bottom of a vessel : as the contraction becomes imperfect the 
coefficient increases. The lateral orifices a, b, c, d, e, f, o, 
H, ij and K, Fig. 11, have coefficients differing more or less 
from each other. The coefficient for A is found to be larger 
than either of those for b, c, e^ or d ; that for g or k larger 
than that for h or i ; that for h larger than that for i ; and 
that for f, where the contraction is general, least of all. The 
contraction of the fluid on entering the orifice f removed 
from the bottom and sides is complete ; it is termed, therefore, 

E 2 
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general contraction ; that at the orifices a, e, g, h, i, k, and 
D, is interfered with by the sides ; it is therefore incomplete, 
and termed partial contraction. The increase in the co- 
efficients for the same-sized orifices at the same mean depths 
may be assumed as proportionate to the length of the 
perimeter at which the contraction is partial, or from which 
the lateral flow is shut off; for example, the increase for the 
orifice g is to that for h as cd + rf^ : de; and in the same 
manner the increase for g is to that for e as c d + d ^ : ^ ^s^- If 
we put n for the ratio of the contracted portion crf^ to the 
entire perimeter, and, as before, c^ for the coefficient of 
general contraction, we shall find the coefficient of partial 
contraction to be equal to 



(36.) 



<?d + 'OQn 



for rectangular orifices. The value of the second term '09 n 
is derived from experiments. If we assume '6 17 for the mean 
value of Cd, we may change the expression into the form 
(1 4- '\A6n)c^, When n:=i\j this becomes VQ&Gc^; when 
n = J, it becomes 1*073 Cj; and when n = J, contraction is 
prevented for three-fourths of the perimeter, and the coefficient 
for partial contraction becomes 1*109 <?d« The form which we 
have given equation (35) is, however, the simplest; but the 
value of n must not exceed |. If in this case c^ = '617, the 
coefficient for partial contraction becomes '617 + '09 X j 
= '617 + '067 = -684. Bidone's experiments give for the 
coefficient of partial contraction (1 + •I52w)c?d> ^-^^ Weis- 
bach's(l + -132^)^^. 
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VARIATION IN THE COEFFICIENTS FROM THE EFFECTS OF 

THE VELOCITY OF APPROACH. 

Heretofore we have supposed the water in the vessel to be 
almost still, its surface level unchanged, and the vessel conse- 
quently large compared with the area of the orifice. When 
the water flows to the orifice with a perceptible velocity, the 
contracted vein and the discharge are both found to be 
increased, other circumstances being the same. If the area 
of the vessel or channel in front exceed thirty times that of 
the orifice, the discharge will not be perceptibly increased by 
the induced velocity in the conduit; but for lesser areas of 
the approaching channel corrections due to the velocity of 
approach become necessary. It is clear that this velocity 
may arise from either a surface inclination iii the channel, an 
increase of head, or a small channel of approach. 

We get equation (6) for the discharge from a rectangular 
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orifice A, Fig. 12, of the length /, with a head measured from 
still water 

in which h^ and h^, are measured at some distance back from 
the orifice, as shown in the section. The water here, however, 
must move along the channel towards the orifice with con- 
siderable velocity. If a be the area of the orifice, and o the 
•area of the channel, we may suppose with tolerable accuracy 
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that this velocity is equal to — Vo, in which v^ represents the 

mean velocity in the orifice. If we also represent by v^ the 
velocity of approach, we get the equation 

(36.) «, = ^ X Vo, 

and consequently the height {h^ due to it is , 

A* t;? 

(37.) A. = ^ X 2^- 

The height h^ may be considered as an increase of head, 
converting h^ into h^ + Ky and At into At + K* The discharge 
therefore now becomes 



2 



W. 



(38.) D = 3 Q i \/27{(Ab + Aa)* - (At + Aa)'} 
which, for notches or weirs, is reduced to 

(39.) D = |cd / s/Tg |(Ab + Aa)' - a|}, 

as At thea vanishes. As d is also equal to a x v^j equation 
(37) may be changed into 

D* 1 
(40.) Aa = ^ X 2^. 

If this value for A^ be substituted in equations (38) and (39), 
the resulting equations will be of a high order and do not 
admit of a direct solution; and in (38) and (39), as they 
stand, Aa involves implicitly the value of d, which we are 
seeking for. By finding at first an approximate value for the 
velocity of approach,., the height Aa due to it can be easily 
found, equation (37) ; this height, substituted in equation (38) 
or (39), will give a closer value of d, from which again a 
more correct value of A^ can be determined ; and by repeating 
the operation the values of d and A^ can be had to any degree 
of accuracy. In general the values found at the second 
operation will be suflBciently correct for all practical purposes. 
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It has been already observed that, for orifices, it is advisable 
to find the discharge from a formula in which only one head, 
that at the centre, is made use of; and though Table IV., as 
we shall show, enables us to calculate the discharge with 
facility from either formtila, it will be of use to reduce 
equation (38) to a form in which only the head (h) at the 
centre is used. The error in so doing can never exceed six 
per cent., even at small depths, equation (31), and this is more 
than balanced by the observed increase in the coefficients for 
smaller heads. 

The formula for the discharge from an orifice, h being the 
head at the. centre, is 

D =: Cd \/2gh x A ; 

and when the additional head h^ due to the velocity of 
approach is considered, 

D = Cd \/2ff{h + AJ X A, 
which may be changed into 

(41.) D = Av/2^X Ci[l +^) . 

Equation (39), for weirs, may be also changed to the form 

(42.) .=|.y27A;xc,j(l-H^)»-(J^)^j; 

this is similar in every way to the equation 

(43.) i,=|.v^2^xc,j(l+|)L(^)'j, 

for the discharge from a rectangular orifice whose depth is cf, 
with the head At ^^ ^be upper edge. Table III. contains the 

values o^ 1 1 + I^ r ^^ equation (41), and Table IV. the 

T I hi 

values of (1 + T^ ) "" (f) i'^ equation (42), or the similar 

expression in (43)> r" or -^ being put equal to #*; and we per- 
ceive that the effect of the velocity of approach is such as to 
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increase the coefficient ^d ^ ^d ^ 1 + T r ^^^ oriBces sunk 
some distance below the surface^ and into 



-{('-^)*-(m 



for weirs when h^ is the height due to the velocity of 
approach, h the depth of the centre of the orifice, and h^ the 
head on the weir. A few examples, showing the application 
of the formulsB (41), (42), and (43), and the application of 
Tables I., II., III., and IV. to them, will be of use. We 
shall suppose, for the present, the velocity of approach v^ to 
be given. 

Example I. A rectangular orifice j 12 inches wide by 
4 inches deepj has its centre placed ^feet below the surface^ 
and the water approaches the head with a velocity of 
28 inches per second; what is the discharge ? For an orifice 
of the given proportions, and sunk to a depth nearly four 
times its length, we shall find from Table I. 

__ '616 + '627 «_ .^joi 1 

c^ zz — zJZ. — .' n '621 nearly. 

As the coefficient of velocity, equation (2), for water flowing 
in a channel is about '956, we shall find, column No. 3, 
Table II., the height Aa = 1^ = 1*126 inch, nearly cor- 
responding to the Telocity 28 inches. Equation (41), 

D =: A v/27a X Cd |l + ^1 , 

now becomes 

1 +-48-I . 



We also find ^2ffh = 192*6 inches when A = 48 inches, 
Table II.; therefore 

D = 12 X 4 X 192-6 X -621 {l + ii?^}* 

= 9244-8 X -621 {l + -0234}* = 9244-8 x -621 x 1-0116, 



ORIFICES, WEIRSy PIPE&, AND RIVERS. 67 

(as {1-0234}* = 1-0116 from Table III.) = 9244-8 x -628 
nearly =: 6805-7 cubic inches == 3-306 cubic feet per second. 

Or thus: The value of -621 x (1-0234) being found equal 

•628, D = A X -628 ^2g x 48. Now for the coefficient 

•628, and A = 48 inches, Table II. gives us -628 ^/2g x 48 
= 120*96 inches; hence we get d =: 12 x 4 x 120*96 
= 6806*08 cubic inches = 3*306 cubic feet, the same as 
before, the difference *38 in the cubic inches being of no 
practical value. If the centre of the orifice were within 
1 foot of the surface, the effect of the velocity of approach 
would be much greater ; for then 

^^ X |l + 1*1* = (from Table I.) -623 |l + i^|* 

= (from Table III.) *623 x 1*047 = -662 instead of -628. 

In this case the discharge is d = 12 x 4 x -662 y/2g x 12 
= 12 X 4 X -662 X 96*3 (from Table II.) = 12 x 4 x 62*8 
= 3014*4 cubic inches = 1*744 cubic feet per second. Or 

we may find the value of *662 \/2gh directly from Table II. 
thus : 



The value of -628 x/2g x 12 = 60*48 '628 
The value of -666 ^2g x 12 = 64*14 -662 

""38 ': 3*66 ::~24:2*31. 



Hence -652 x/2gh = 60*48 + 2*31 = 62*79, and the dis- 
charge = 12 X 4 X 62*79 = 3013*92 cubic inches =: 1*744 
cubic feet per second, the same as before. 

Example II. A rectangular notch^ 1 feet long^ has a head 
of 8 inches measured at about 4 Jeet above the orifice^ and 
the water approaches the head with a velocity of 16^ inches 
per second: what is the discharge? For a still head we shall 
assume c^ = *628 in this case, and we have from equation (42) 

As in the last example, we shall find from Table II. {h^ the 
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height due to the velocity of approach (16j^ inches) to be 
- = 0*376 inch, assuming the coefficient of Telocity to be 

•956. We have, therefore, h^ = -376, A^ = 8, c^ = -628, and 

h 

A = 7 X 12 X 8, or for measures in feet -r = '047, hu = -, 

Ab ' ** 3 

and A = 7 x --: hence 

3' 

D = 1 X 7 x |/\/2y x| X -628 {(1-047)* - (-047)*}. 

The value of (1-047)^ — (-047)* will be found from Table IV. 

equal to 1*0612; the value of a/ 2g x. - will be found from 

Table II. equal to 6*552, viz. by dividing the velocity 78*630, 
to be found opposite 8 inches, by 12 ; hence 

D=|x7x|x 6*552 X -628 x 1*0612 

3 3 

= 1 X 7 X 4*368 X -628 x 1*0612 
= I X 7 X 4*368 X *666 nearly 

3 -^ 

= 1 X 7 X 2-909 = 7 X 1*939 

= 13*573 cubic feet per second =: 814*38 cubic feet per 
minute. Or thtis: From Table VL we find, when the 
coefficient is '628, the discharge from a weir 1 foot long, with 
ahead of 8 inches, to be 109*731 cubic feet per minute. 

The discharge for a weir 7 feet long, when t^ = *047 is 

therefore 109*731 x 7 x 1*0612 == 816*12 cubic feet per 
minute. The difference between this value and that before 
found, 814*38 cubic feet, is immaterial, and has arisen from 
not continuing all the products to a sufficient number of 
places of decimals. 

We have, in equations (36) and (37), pointed out the 
relations between the channel, orifice, velocity of approach, 
and velocity in the orifice, viz. 
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A A* 1?J d' . . 1^ 

v. =-r X ^of aiid A. = — X — ■ = - — -Tt in which A. =T" 
* c c 2g %gc %g 

(neglecting the coefficient of velocity '974 or '966) . As v^ is 

the velocity in the orifice, -^ must be the velocity due to the 
head A + Aa, and therefore 

A "" ^ ^ 1 "t^o+ «l4"" C'-CJA'^ '""V, - A* 

We have hence 

^a Cj A* 

(44.) 



A -^c'-cSa^' 

substituting this value in equations (41) and (42)^ there 
results 

(45.) D = A >/27a X Cd[l + ^2 J^ } , 

c 
in which wi = — , for the discharge from an orifice at some 

depth, and for the discharge from a weir, 

(46.)D = iAV^2p:x.,{(l+^r^) -(;?f^)'}. 

The two last equations give the discharge when the ratio of 

c 
the channel to the orifice 7 = m is known, and also when 

the whole quantity of water passing through the orifice, 
that due to the velocity of approach as well as the pressure, 
suffers a contraction whose coefficient is c^. When c^ = 1, 
equation (45) may be changed into 



D = A 



l'-a)1- 
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This IS the equation of Daniel Bernoulli, which is only a 
particular case of the one we have giveii. 

If we put n = a ** -8 » the values of '1 1 H — % ^ ^ \ , 

and of -1 1 + 2 ^ ^ J — { fn* ^ (Ji ) ? ^^^ ^® easily had 

from Tables III. and IV. We have, however, calculated 
Table V. for different ratios of the channel to the orifice, 
and for different values of the coefficient of discharge. This 
table gives at once the values of 

as new coefficients, and the corresponding value of 



"a 



h 



m^^c"^ 



It is equally applicable, therefore, to equations (41) and (42) 
as to equations (45) and (46). For instance, we find here at 

once the value of 628 {(1047)^ - (-047)^} in Example 1 1., 
p. 58, equal to '666, as — =: '047, and the next value to it 

for the coefficient '628, in the table, is '046, opposite to which 
we find '666, the new coefficient sought. The sectional area 
of the channel in this case, as appears from the first column, 
must be about three times that of the weir or notch. 

Table V. is calculated from coefficients c^ in still water, 
which vary from '650 to 1. Those from '606 to •650, and 
the mean value '628 are most suited to practice. When the 
channel is equal to the orifice, the supply must equal the 
discharge, and for open channels, with the mean coefficient 
•628, we find accordingly from the table the new coefficient 
1*002 for weirs, or 1 very nearly as it should be. We also 
find, in the same case, viz. when a =: c, and c^ =: *628, that 
for short tubes. Fig. 13, the re- 
sulting new coefficient becomes 
•807. This, as we shall after- 
wards see, agrees very closely 
with the experimental results. 
When the coefficients in still 
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water are less than '628, or more correctly '62726, the orifice, 
according to our formula, cannot equal the channel unless 
other resistances take place — as from friction in tubes longer 
than one and a half or two diameters, or in wide crested 
weirs; and for greater coefficients the junction of the short 
tube with the vessel must be rounded. Fig. 14, on one or 
more sides; and in weirs or 
notches the approaches must 
slope from the crest and ends 
to the bottom or sides, and the 
overfall be sudden. The con- 
verging form of the approaches 
must, however, increase the ve- 




locity of approach ; and therefore v^, is greater than - x ^o 

c 

when c is measured between r o and r o. Fig. 14, to find the 
discharge, or new coefficient of an orifice placed at r o. 

As the coefficients in Table V. are calculated for orifices 
at the end of short cylindrical or prismatic tubes at right 
angles to the sides or bottom of a cistern, a correction is re- 
quired when the junction is rounded off as at R o r o. Fig. 14. 
When the channel is equal to the orifice, the new coefficient 
in equation (45) becomes 



^'d 1 + 



li 



1 



l-d 



= Cd X 



i-4 



The velocity in the tube Fig. 14 is to that in the tube Fig. 13 
as 1 to Cd ] 1 ^ o [ nearly, or for the mean value c^ = '628, 



Vr 



as 1 to 'SO?. Now, as - is assumed equal to — in the cylin- 



t?. 



•807 c Vo . 
drical or prismatic tube. Fig. 13, — = — in the tube 



V, 



r. 



Fig. 14 with the rounded junction, for t;^ becomes iitq^; 

hence^ in order to find the discharge from orifices at the end 
of the short tube. Fig. 14, we have only to multiply the 
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C 

nuniberg representing the ratio -- in the first column. 

Table V,, by '807, or more generally by c^ \ i ^ ^ [ 9 and 
find the coefficient opposite to the product. Thus if c^ = '628, 

we find, when -- =: 1, c^ ] TTZT^i ^ '^^^ ^^ ^^ table. If, 

c 
again, we suppose - = 3, then 3 x '807 = 2*421, the value 

of— for the tube Fig. 14, and opposite this value of -, taken 

in column 1, we shall find *651 for the new Coefficient. For 
the cylindrical or prismatic tube, Fig. 13, the new coefficient 
would be '642. 

DIFFERENT EFFECTS OF CENTRAL AND MEAN VELOCITIES. 

There is, however, another circumstance to be taken into 
consideration, and which we shall have to refer to more par- 
ticularly hereafter ; it is this, that the central velocity directly 
facing the orifice is also the maximum velocity in the tube, 
and not the mean velocity. The ratio of these is as 1 : *835 

o 

nearly ; hence, in the above example, where - r= 3, we get 



3 X •836 = 2*505 for the valu6 of - in column 1, Tablb V., 

opposite to which we shall find *649, the coefficient for an 
orifice of one-third of the section of the tube when cylin- 
drical or prismatic. Fig. 13 ; and 3 x -835 x -807 = 2*02 
nearly, opposite to which we shall get *661 for the coefficient 
when the orifice is at the end of the short tube, Fig. 14, with 

a rounded junction. We have, therefore, - x '836 equal to 

the new value of — for finding the discharge from orifices at 

c 
the end of cylindrical or prismatic tubes, and — x '836 x '807 
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c c 

= - X "67 nearly for the new value of -- when finding the 

discharge from orifices at the end of a short tube with a 
rounded junction, nearly. 

The ratio of the mean velocity in the tube to that facing 
the orifice cannot be less than *836 to 1, and varies up to 
1 to 1; the first ratio obtaining when the orifice is pretty 
small compared with the section of the tube, and the other 
when they are equal. If 





a' i 


1 ^*S ^^ t 


1 

1 


c 


e 




J 


L 


b 1 



we suppose the curve D c, 
whose abscissae (Ab) repre- 
sent the ratio of the ori- 
fice to the section of the 
tube, and whose ordinates 
(b c) represent the ratio of 
the mean velocity in the 
tube to that facing the orifice, to be a parabola, we shall find 
the following values : — 



Batios 


Values of 


Values oi 


A Ab 
C "" AB 


dc. 


be. 





•]65 


•835 


•1 


•163 


•837 


•2 


•168 


•842 


•3 


•160 


•850 


•4 


•139 


•861 


•6 


•124 


•876 


•6 


•106 


•894 


•7 


•084 


•916 


•8 


•069 


•941 


•9 


•031 


•969 


1-0 


•000 


1^000 



These values of J c are to be multiplied by the corresponding 

c 

ratio — in order to find a new value, opposite to which will be 

found, in the table, the coefficient: for orifices at the ends of 
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short prismatic or cylindrical tubes ; and this new value again 
multiplied by '807, or more generally by c^ J ^ ^ g ( 9 will 

give another new value of -, opposite to which, in the table, 

will be found the coefficient for orifices at the ends of short 
tubes with rounded junctions. 

Example III. What 

is the discharge from an 

orifice A, Fig. 16, 2 feet 

long by 1 foot deep^ the 

c 
valite of - being 3, and 

the depth of the centre of 
A 1 foot 6 inches below 
the surface? We have 



D* = 2 X 1 X 



117-945 
12 




(Table II.) = 2 x 9*829 = 19-658 cubic feet per second for 
the theoretical discharge. From the foregoing table the co- 
efficient for the mean velocity, facing the orifice, is about "86 ; 

hence - x -86 = 3 x -86 = 2-58. If we take the coefficient 

A 

from Table I., we shall find it (opposite to 2, the ratio of the 
length of the orifice to its depth) to be '617; and, for this co- 
efficient, opposite to 2*68, in Table V., or the next number to 
it, we find the required coefficient '636 ; hence the discharge is 
•636 X 19*658 = 12*602 cubic feet per second. If we assume 
the coefficient in still water to be *628, then we shall obtain the 
new coefficient -647, and the discharge would be '647 x 1 9*658 
= 12*719 cubic feet. If the junction of the tube with the cistern 
be rounded, as shown by the dotted lines, we have to multiply 

c 

2*58 by '807, which gives 2*08 for the new value of -, opposite 

which we shall find, in Table V., when the first coefficient is 
•628, the new coefficient '659 ; and the discharge in this case 
would be *659 x 19*658 = 12*966 cubic feet per second. 
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It is not necessary to 
take out the coefficient of 
mean velocity facing the 
orifice to more than tno 
places of decimals. For 
sluices in streams and mill 
races, Fig. 17, the mean co- 
efficient '628 in still water 
may be assumed, and thence the new coefficient suited to the 

ratio — may be found, as in the first portion of Exaupi^ III. 

Example IV. What is the discharge through the aper- 
ture A, equal 2 Jeet by 1 foot, arhen the channel is to the 
orifice as 3-375 to \, and the depth of the centre is \-2bfoot 
below the surfaccy taken at about Z feet above the orifice f 
Here the coefficient of the approaching Telocity is '85 nearly, 

whence the new value of -■ is 3'375 x '85 = 2-87 ; and aa 

Ci = "628, we shall get from Table V. the new coefficient '644. 
Hence 

D = 2 X 1 X ^2^ X -644 (Table II.) = 2 x 8*972 x -644 

= 17-944 X "644 = 11-556 cubic feet per second. 
Weisbach finds the dischai^e, by an' empirical formula, to be 
ll'Sl cubic feet. If the coefficient be sought in Table I., 
we shall find it "617 nearly, from which, in Table V., we 
shall find the new coefficient to be -632 ; hence 17944 x '632 
= 11-341 cubic feet per second. If the coefficient -6225 were 
used, we should find the new coefficient equals '638, and the 
discbai^e U'468 cubic feet. Or thus: The ratio of the 
head at the upper edge to the depth of the orifice 's — = '75, 

and from Table IV. we find <1'75)' - (-75)' = 1'6655. 
Assuming the coefficient to be '644, we find from Table VI. 
the dischai^e per minute over a weir 12 inches deep and 
I foot long to be 208'650 + 20S-ll9 _ 206'884 cubic feet nearly; 
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and as the length of the orifice is 2 feet, we have 

2 X 206'8^X 1-6655 _ ji.482 ^^^^ ^^^ p^^ ^^^^^j^ ^j^j^j^ j^ 

the correct theoretical discharge for the coefficient '644, and 
less than the approximate result, 11*556 cubic feet above 
founds by only a very small difference. The velocity of 
approach in this example must be derived from the surface 
inclination of the stream. 

For notches or Poncelet weirs the approaching velocity is a 
maximum at or near the surface. If the central velocity at the 
surface facing the notch be 1, the mean velocity from side to 
side will be '9 14. We may therefore assume the variation of 
the central to the mean velocity to be from 1 to '91 4 ; and hence 
the ratio of the mean velocity at the surface of the chanoel 
to that feeing the notch or weir cannot be less than '914 to I, 
and varies up to 1 to 1 ; the first ratio obtaining when the 
QOtch or weir occupies a very small portion of the side or 
width of the channel, and the other when the weir extends 
for the whole width. Following the same mode of calculation 
as at p. 63, Fig. 15, we shall find as follows : — 

Ratio of the 

width of the notch 

to the width of 

the channel. 



•1 

•2 
•3 
•4 
•5 
•6 
•7 
•8 
•9 
1-0 

These values of 5 c are to be used as before in order to find 

the value of -, opposite to which in the tables, and under the 
heading for weirs, will be found the new coefficient. 



Values of 

de. 
Fig. 15. 


Values of 

be, 
Fig. 16. 


•086 


•914 


•086 


•915 


•083 


•917 


•078 


•922 


•072 


•928 


•064 


•936 


•065 


•945 


•044 


•956 


•031 


•969 


•016 


•984 


•000 


1^000 
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Example V. The length af a weir u 1 Ofeet ; the width of 
the approaching channel is 2Qfeet ; the head, measured about 
6 feet above the weir^ is 9 inches ; and the depth of the channel 
3 feet : what is the discharge ? Assuming the circumstances 
of the overfall to be such that the coefficient of discharge for 
heads, measured from still water in a deep weir basin or 
reservoir, will be '617, we find from Table VI. the discharge 
to be 128-642 x 10 = 1286-42 cubic feet per minute; but 
from the smallness of the channel the water approaches the 

weir with some velocity, and - = io"^ == 8. We have also 

the width of the channel equal to twice the width of the weir, 
and hence (small table, p. 30) 8 x *936 = 7*488 for the new 

value of --. From Table V. we now find the new coefficient 

A 

'622 -f '624 _ .g23^ and hence the discharge is 

1286-42 X '623 _ 1298-93 cubic feet per minute. 
•617 ^ 

Or thfis : As the theoretical discharge. Table VI., is 2084-96 
cubic feet, we get 208496 x -623 = 1298-93, the same as 
before. In this example, however, the mean velocity ap- 
proaching the overfall bears to the mean velocity in the 
channel a greater ratio than 1 : *936, as, though the head is 
pretty large in proportion to the depth of the channel, the 

ratio of the sections — = ^ is small. We shall therefore be 

C o 

more correct by finding the multiplier from the small table, 

c 
p. 63. By doing so the new value of - is 8 x -838 = 6*704. 

From this and the coefficient *617 we shall find, as before 
from Table V., the new coefficient to be "627 ; hence we get 
2084-96 X -627 = 1307-27 cubic feet per minute for the 
discharge. 

The foregoing solution takes for granted that the velocity 
of approach is subject to contraction before arriving at the 
overfall or in passing through it; now, as this reduces the 
mean velocity of approach from 1 to -784, when the coeffi- 

F 2 
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cient for heads in still water is '617, we have to multiply 

c 
the value of -- = 6*704, last found, by '784, and we get 

c 
6*704 X '784 zz 6*26 for the value 7 due to this correction, 

A 

from which we find the corresponding coefficient in Table V. 

to be *629, and hence the corrected discharge is 2084*96 x '629 

= 1311*44 cubic feet. 

c 
It is to be remarked that the value of - in Table V. is 

A 

simply an approximate value for the ratio of the velocity in 
the channel facing the orifice to the velocity in the orifice 
itself; and the corrections applied in the foregoing examples 
were for the purpose of finding this ratio more correctly than 

the simple expression— gives it. The following auxiliary 

table will enable us to find the correction, and thence the 
new coefficient, with facility. Thus, if the channel be five 
times the orifice, and a loss in the approaching velocity takes 







AUXILfABY 


TABLB 


TO TABLE y. 






Ratio of the orifice 
to the channel, or — . 


5 « " Si 

eIS'3 


Multipliers for finding the new values of — in Table V., 

when the water approaches without contraction or loss of 

velocity. 


Coeffict. 
•639 


Coeffic*. 
•628 


Coeffic^ 

•617 


Coeffic*. 
•606 


Coeffict. 
•595 


Coeffic*. 

•584 


Coeffict. 
•573 





•835 


•69 


•67 


•65 


•64 


•62 


•60 


•58 


•1 


•837 


•70 


•68 


•66 


•64 


•62 


•60 


•59 


•2 


•842 


•70 


•68 


•66 


•64 


•62 


•61 


•59 


•3 


•860 


•71 


■69 


•67 


•65 


•63 


•61 


•59 


•4 


•861 


•72 


•69 


•68 


•66 


•64 


•62 


•60 


•5 


•876 


•73 


•71 


•69 


•67 


•65 


•63 


•61 


•6 


•894 


•74 


•72 


•70 


•68 


'^^ 


■64 


•62 


•7 


•916 


•76 


•74 


•72 


•70 


•68 


•66 


•64 


•8 


•941 


•78 


•76 


•74 


•72 


•70 


•68 


•66 


•9 


•969 


•81 


•78 


•76 


•74 


•72 


•70 


•68 


1-0 


1-000 


•831 


•807 


•784 


•762 


•740 


•719 


•699 
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place equal to that in a short cylindrical tube, we get 

5 X '842 = 4-210 for the new value of -, opposite to which, 

in Table V., will be found the coefficient sought. If the 
coefficient for still water be "606, we shall find it to be '612 
for orifices and '623 for weirs. But when the water ap- 
proaches without loss of velocity, we find from the auxiliary 
table '64 for the multiplier instead of •842, and consequently 

the new value of ^ becomes 5 x '64 = 3'2, from which we 

A 

shall find 'SI? to be the new coefficient for orifices and '636 
for weirs. The auxiliary table is calculated by multiplying 

the numbers in column 2 (see p. 63) by c^ < __ ^ > , which 

will be found for the different values of c^ in the table, viz. 
•639, -628, -617, -606, -595, -584, and -673, to be -831, ^807, 
•784, -762, *740, -719, -699 respectively, as given in the top 
and bottom lines of figures. 

In weirs at right angles to channels with parallel sides, the 
sectional area can never equal that of the channel unless it be 
measured at or above the 
point A, where the sinking 
of the overfall commences ; 
and unless also the bed 
CD and surface ab have 
the same inclination. In 
all open channels, as mill 
races, streams, rivers, the supply is derived from a surface 
inclination a b^ and this inclination regulates itself to the 
discharging power of the overfall. When the overfall and 
channel have the same width, and it is considerable, we have, 

as shall appear hereafter, Q\ y/hs for the mean velocity in 
the channel, where h is the depth in feet and s the rate of 

inclination of the surface A b. We have also ^ \/2gh for the 

theoretical velocity of discharge at the overfall, of equal depth 
with the channel, and, when both velocities are equal, 
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^ 2g% = 5-36 v/A = 91 s/Tsy 



fronf' 



:; ■' 



'. 'i 



the i. -i 

retici ' i. •cl-.-r' 

over '..III \\ ••»'*: .•; 



:i: d 

I_ 

* "" 289' 

•t B A when the supply is equal to the theo- 

ut the overfall. If the coefficient at the 

s, or, which is nearly the same thing, if a 



largo {ii).i <i:".» A-eir basin intervene between the weir and 




channel, Fig. 19, the velocity of approach would be destroyed, 
and we should have 

5-36 X -628 v/a"= 3-36 s/h^ 91 s/h7; 



and thence the inclination of a b 



s = 



734 



very nearly. When we come to discuss the surface inclination 
of rivers, we shall see that the conditions here assumed and 
the resulting surface inclinations would involve a considerable 
loss of head. If the quantity discharged under both circum- 
stances be the same, and h be the depth in the first case. 
Fig. 18, we shall then have the head in the latter case. 

Fig. 19, equal (gigjj) * = 1*36 A very nearly, from which 

and the surface inclination the extent of the backwater may 
be found with sufficient accuracy. When, in Fig. 19, the 

inclination of A b exceeds j— , the head at a must exceed the 

depth of the river above a. We must refer to pages further 
on for some remarks on the backwater curve. 



ORIFICES, WBIR8, PIFBS, AKD RITBRB, 



BUBHEBOBD ORIFICEB AHD 'WEIRS. — CONTRACTED 
RITER CHANNELS. 

The available pressure 
at any point in the depth 
of the orifice A, Fig. f ' 
is equal to the difference [ 
of the pressures on each 
side. This difference : 
equal to the pressure due " 
to the height h, between the water surfaces on each side 
of the orifice ; in this case, the vfilocity is 

(47.) » = cj s/2^; 

and the discharge 

(48.) D = IdCi ^/2^; 

in which, as before, I is the length, and d the depth of the 
rectangular orifice a. 

When the orifice is 
partly subraei^ed, as in 
Fig. 21, we may put 
At, — A = (2, for the sub- 
merged depth, and b ^^ 
kt = (2|, the remaining 
portion of the depth; 

whence di + di=i d is the entire depth. The diachai^e 
through the submerged depth rfj is c^lds \/^ffh, and the 
discharge though the upper portion di is 

whence the whole discharge-i-assuming the coefficient of 
dischai^e Ci is the same for the upper and lower depths — is 

(49.) D ±= cj v/2^ (rf.v'A + |(A* - Af)). 
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We may, however, equation (31), assume that 
|c,iv'2i (4'- *i) = »,<!.( /y/2i,(*-^) 
very nearly, and hence 
(50.) D = Cd?d.v/2^+cWdi/Y/2i,(A-|). 

As A, + ^ = A — ^^i, this equation may be changed into 

(51.) D = Ca/rf;v/2^ + c,/d, ^2i,(A,+ |). 

In either of these forms the values of 

c, ^/SP, c. /^2j(a-|), and c, -\/2j(»,+ |) 

can be bad from Table II., and the value of the discharge 
D thence easily found. 

When the water approaches the orifice with a determinate 
velocity, the height A, due to that velocity can be found 
from Table II., and the discharge is then found by sub- 
stituting A + A, and A, + A, for A and A, in the above 
equations. 

In the submerged weir, 
Fig. 22, A becomes equal 
to di , and A, = ; the 
dischat^e, equation (49), 
then becomes 

(52.) D=:cJd^^2gI^ + ~cJdi^/2^ 

When the water approaches with a velocity due to the 
height Ag, then h becomes A + A., A, = h^ and equation (49) 
becomes 

(53.) D = cj s/2^ jrf, ^rfT+X + I (rf, + A.)' - a! |. 
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In the improvement of the navigation of rivers, it is some- 
times necessary to constnict weirs so as to raise the upper 
waters by a given depth di. The discharge d is in such 
cases previously known, or easily determined, and from the 
values of di and d we can easily determine, equation (52), 
the value of 

(64.) d^ = . — -«-di; 

or, by taking the velocity of approach into account 

D 2(di + AJ* — hi 



(65.) d, = 



cJs/2ff{d,+K) ^ \/d, + h^ 



This value of dz must be the depth of the top of the weir 
below the original surface of the water, in order that this 
surface should be raised by a given depth d^. When h^, is 
small compared with d^ we may take 

I (rfi + AJ = |- X (^1 + K)^ - ( ^A in equation (55). 

Example VI. — A river whose tmdth at the surface is 
70 feet J whose hydraulic mean depth is 4*4 feet^ and whose 
cross sectional area is 325 feet , has a sur/ace inclination 
of 1 Jbot per mile ; to what depth below, or height above 
the surface must a weir at right angles to the channel 
be raised^ so that the depth of water immediately above 
it shall be increased by 3 J feet ? 

When the hydraulic mean depth is 4*4 feet, and the fall 
per mile 1 foot, we find from Table VIII. that the mean 
velocity of the river is 29*98 or 30 inches very nearly per 
second. The discharge is, therefore, 326 x 2J-= 812*5 cubic 
feet per second, or 48750 cubic feet per minute. Hence, 

yQ = 696*4 cubic feet must pass over each foot in length 

of the weir per minute. Assuming the coefficient c^ =: *628 
in the first instance, we find from Table VI. the head 
passing over a weir corresponding to this discharge to be 
27*4 inches; but as the head is to be increased by 3^ feet, or 
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42 inches, it is clear that the weir must be perfect; that is, 
have a clear overfaJl, and rise 42 — 27*4 s 14*6 inches over 
the original water surface. In order that the weir may be 
submerged^ or impeffect, the head could not be increased 
by more than 27*4 inches. Let us, therefore, assume in the 
example, that the increase shall be only 18 instead of 
42 inches; the weir then becomes submerged, and we have, 
from equation (54), 

^_ 6 96-4 - 4 X 18" (as / = 1 foot). 

•628v/l8"x2^ ^ 

The value of the first part of this expression is found from 
Table VI. or Table II. equal to 

696-4 696-4 



1? X 1 X 370-341 370-341 

18 2 



= 1-88 feet =: 22-66 inches; 



Of! 

hence, 22-66 — _ = 10-66 inches is the values of rf^; that is, 

the submerged weir must be built within 10-66 inches of the 

surface to raise the head 18 inches above the former level. 

If, however, the velocity of approach be taken into account, 

812-6 
we shall find this velocity equals =2 2 feet per second 

very nearly; and the height, or value of A„ due to this 
velocity, taken from Table II., is -7-= -76 inches nearly; 
therefore, from equation {55), 

^ -. 696-4 £ ^ (18-76)1 - (-76)i 

'628 s/2g x 18-76" ^ ^ y/WfE 

The value of ^ ^^^'^ = (from Table VI.) 

•628 v/2^ X 18-76" 

696-4 696-4^_ j.g^ ^^^^ _ 22-08 inches; 



2 ^ 1876 ^ 393-76 



* This ifl found from Table II. more readily. 
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also, I X a8'75)r--C75)'^^| ^ ^g.^, ,| ^ Jg^ 

•66 



= 12-6-~x ^:gg 



= 12-6 - -1 = 12-4, 



Hence d^ = 22*08 — 12*4 = 9*68 inches, or about 1 inch 
less than the value previously found from equation (54). The 
mean coefficient of discharge was here assumed to be *628. 
Experiments on submerged weirs show that the value of 
Cd varies up to '8, but as this coefficient would reduce the 
value of cKj, or the depth of the top of the weir below the 
surface, it is safer (where a given depth above a weir must 
be obtained) to use the lesser and ordinary coefficients of 
perfect weirs, with a clear overfall, for finding the crest levels 
of submerged weirs, when it is necessary to construct them. 
If the coefficient '8 were used in the previous calculation, we 
should have found 

_ *628 X 22*08 _ ^^.^ _ ^^ ^^ _ ^^.4 = 4.93 inches, 

or not much more than half the previous value; but this 
would only increase the whole height of the weir by 
9-68 ~ 4- 93 = 4*75 inches. 

As B =: ■3-c?d/\/2j{(rfi + Aa)^ — h\} for a perfect weir 
with a free overfall, it is clear that when d is greater than 

the weir is imperfect or submerged. 

CONTRACTED RIVER CHANNELS. 

When the banks of a river, whose bed has a uniform 
inclination, approach each other, and contract the width of 




76 THE DISCHARGE OF WATER FROM 

the channel in any way, as in Fig, 23, the water will rise 
at the contracted portion, a, until the increased velocity of 
discharge compensates for the reduced cross section. If we 
put, as before, di for the increase of depth at the contracted 
width, and d^ for the previous depth of the channel, we shall 
find the water passing through the lower depth, c^y equal 

to c^ldz^^gdij in which I is the width of the contracted 
channel at a, and the water overflowing through dy equal to 

— c^ldy s/^gdy'y and hence the whole discharge through a is 

(66.) D =: cJs/^^i (^2 + y^^i). 

When our object is to find the width / of the contracted 
channel, so that the depth of water in the upper stretch 
shall be increased by a given depth rf^, we have 

(67.) / = ^ 2 



^d x^^gdi (4! + "a" ^) 



When the velocity of approach is large, or the height k^ due 
to it a large portion of rf^, it must not be neglected. In this 
case, as before, we find the discharge through the depth 

da equal to c^ld^s/'^gidy + ^a); ^^^ ^^ discharge through 
the depth d^ equal to -j ^d^ \/2^{(c^i + AJ' — Aj}; and 
hence the whole discharge is 

(58.) D = c^l v/27{d, (d, + AJ* + 4 [(^1 t ^a)' - *!]}; 



3 

from which we find 



(69.) I = 



^d s/'^g {d, (d, + Aji + I [ (d, + K)\ - Af]} 



If the projecting spur or jetty at a be itself submerged, 
these formulae must be extended; the manner of doing so, 
however, presents no difficulty, as it is only necessary to find 
the discharges of the different sections according to the pre- 
ceding formulae and add them together; but the resulting 
formula so found is too complicated to be of any practical 
value. 
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HEADS ABOVE BRIDGES. 

Equations (56), (67), (58), and (59), are applicable to the 
cases of contraction in river channels caused by the con- 
struction of bridge-piers and abutments, when the width / is 
put for the sum of the openings between them. The value 
of the coef&cient c^ will depend on the peculiar circumstances 
of each case ; we have seen that it rises as high as *8, in 
some cases of submerged weirs, and for cases of contracted 
channels it rises sometimes as high as '956, particularly when 
they are analogous to those for the discharge through mouth- 
pieces and short tubes. When the heads of the piers are 
square to the channel, the coefficient may be taken at about 
•8 ; when the angles of the cut- waters or sterlings are obtuse, 
it may be taken at about '9; and when curved and acute, 
at '97. With this coefficient, a head of IJ inch will give 
a velocity of very nearly 36 inches, or 3 feet per second ; 
but as a certain amount of loss takes place from the velocity 
of the tail-water being in general less than that through the 
arch, from obstructions in the passage, and from square-headed 
and very short piers, the coefficient may be so small in some 
cases as '628, which would require a head of 4J inches to 
obtain the same velocity. This head is to the former as 
17 to 7. The selection of the proper coefficient suited to any 
particular case is, therefore, a matter of the first importance 
in determining the effect of obstructions in river channels: we 
shall have to recur to this subject again, but it is necessary 
to observe here, that the form of the approaches, the length 
of the piers compared with the distance between them, or 
span, and the length and form of the obstruction compared 
with the width of the channel, must be duly considered 
before the coefficient suited to the particular case can be 
fixed upon. Indeed, the coefficients will always approxi- 
mate towards those, given in the next section, for mouth-pieces, 
shoots, and short tubes similarly circumstanced. For some 
further remarks on contracted channels^ see Section X. 
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SECTION VI. 

SHORT TUBES, MOUTH-PIECES, AND APPROACHES. — COEFFI- 
CIENTS OF DISCHARGE FOR SIMPLE AND COMPOUND SHORT 
TUBES. — SHOOTS. 

The only orifices we have heretofore referred to were those 
in thin plates or planks, with a few incidental exceptions. 
It has been shown, page 20, Fig. 4, that a rounding off,, next 
the water, of the moath-piece increases the coefficient; and 
when the curving assumes the form of the vena-contracta, 
the coefficient increases to '974, or nearly unity. The dis- 
charge from a short cylindrical tube A, Fig. 24, whose length 



Fig-.24 



v^O 




is from one and a half to three times the diameter, is found 
to be very nearly an arithmetical mean between the theoretical 
discharge and the discharge through a circular orifice in a 
thin plate of the same diameter as the tube, or *814 nearly. 
If, however, the inner arris be rounded or chamfered off 
in any way, the coefficient will increase until, in the tube b, 
Fig. 24, with a properly-rounded junction, the coefficient be- 
comes unity very nearly. In the conical short tubes c and d 
the coefficients are found to vary according to some function 
of the converging or diverging angles o, o, and according as we 
take the lesser or greater diameter to calculate from. When 
the length of the tube exceeds three times the diameter, the 
friction of the water against the sides should be taken into 
account. As for orifices in thin plates, so also for short tubes, 
the coefficients are found to vary according to the depth of 
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the centre below the surface of the water^ and to increase as 
the depths and diameter of the tube decrease. Poleni was 
the first who remarked that the discharge through a short 
tube was greater than that through a simple orifice of the 
same diameter, in the proportion of 133 to 100, or as *617 to 
•821. 



CYLINDRICAL SHORT TUBES, A, FIG. 24. 

The experiments of Bossfit, as reduced by Prony, give the 
following coe£Bcients, at the corresponding depths, for a 
cylindrical tube a. Fig. 24, 1 inch in diameter and 2 inches 

OOETflCflKVTS rOK SHOBI TUBES, FBOM BOS86t. 



Headi, 
in feet. 


Coefllcientii 


Headf, 
in feet. 


Coeffldenti. 


Heads, 
in feet. 


Coefflcienta. 


1 
2 
8 
4 
5 


•818 
'807 
•807 
•807 
•806 


e 

7 

8 

9 

10 


•806 
•806 
•806 
•805 
•805 


11 
12 
13 
14 
15 


•806 
•804 
•804 
•804 
•803 



long. The depths are given in Paris feet in the original, but 
the coefficients remain the same practically for depths in 
English feet. 

Venturi's experiments give a coefficient '823 for a short 
tube A, 1|- inch in diameter and 4^ inches long, at a depth 
of 2 feet 8 J inches, the coefficient through an orifice in a thin 
plate of the same diameter and at the same depth being *622. 
We have calculated these coefficients fi:om the original ex- 
periments. The measures in those were Paris feet and inches, 
from which the calculations were directly made; and as the 
difference in the coefficient for small changes of depth or 
dimensions is immaterial or vanishes, as may be seen by the 
foregoing small table, and as 1 Paris inch or foot is equal to 
1*0668 English inches or feet, the former measures exceed 
the latter by only about iV*'^* ^^ ^^Y therefore assume 
that the coefficient for any orifice, at any depth, is the same, 
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whether the dimensions be in Paris or English feet or 
inches. This remark will be found generally useful in the 
consideration of the older continental experiments, and will 
prevent unnecessary reductions from one standard to another 
where the coefficients only have to be considered. 

The mean value derived from the experiments of Miche- 
lottiy at depths from 3 to 20 feet, and with short tubes a 
from ^ inch to 3 inches in width, is c^ =: *814. Buff's 
experiments* give the following results for a tube tV of an 
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Head 
inincbea. 


Coefficient. 


Head 
in inches. 


Coefficient. 


Head 
in inches. 


Coefficient. 


2i 


•855 
•861 


6 
14 


•840 
•840 


23 
32 


•829 
•826 



inch wide and -^ of an inch long, nearly. The increase for 
smaller tubes and for lesser depths appears by comparing 
these results with the foregoing, and from the results in 
themselves, generally. Weisbach's experiments give a mean 
value for c^ = 'SIS, and for depths of from 9 to 24 inches 
the coefficients -843, -832, -821, -810 respectively, for tubes 

10' 10' 10' ^^^ 10 ^^ ^^ ^°^^ wide, the length of each tube 
being three times "the diameter. D'Aubuisson and Castel's 
experiments with a tube *61 inch diameter and 1*57 inch 
long, give '829 for the coefficient at a depth of 10 feet. 

We have calculated the coefficients in the following two 
short tables, from Rennie's experiments with glass orifices 
and tubes. Table 7, p. 435, Philosophical Transactions for 
1831. The form of the orifices, or length of the shorter 
tubes is not stated, but it is probable, from the results, that 
the arrises of the ends were in some way rounded off; it is 
stated they were " enlarged." Indeed, the discharges from 
the short tube, or orifice of J inch diameter exceed the theo- 

* Annalen der Physik und Chemie von Poggendorff, 1839. Band 46, 
p. 243. 



OBIFICESy WEIR89 PIPES^ AND RIVERS. 



81 



retical ones in the proportion of 1*261 to 1, and 1*346 to L 
These results could not have been derived from a simple 
cylindrical tube, but might have arisen from the arrises being 
more or less rounded at both ends, and the orifice partaking 
of the nature of a compound tube, which may be constructed, 
as we shall hereafter shew, so as to increase the theoretical 
discharge from 1 up to 1*563. The resulting coefficients 
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Head 
in feet. 


^inch 
diameter. 


ilnch 
diameter. 


iinch 
diamete . 


1 inch 
ameter. 


1 


1-231 


•831 


•766 


•912 


2 


1-261 


•839 


•820 


•920 


3 


1-346 


•838 


•821 


•880 


4 


1-261 


•831 


•829 


•991 



for the |- and J inch tubes, approach very closely to those 
obtained by other experimenters, but those for the inch tube 
are too high, unless the arris at the ends was also rounded. 
The coefficients derived from the experiments with a cylin- 
drical glass tube 1 foot long, as here given, are very vari- 
able; like the others they are, however, valuable, as ex- 

COBFFIOIBRTS DBBIYBD FBOH BZPXBIMBFTS WITH A OLASS TVBX OBB FOOT LONO. 



Heads 
in feet. 


iinch 
diameter. 


iinch 
diameter. 


Iinch 
diameter. 


Iinch 
diameter. 


1 


•892 


•703 


•691 


•760 


2 


•914 


•734 


•718 


•749 


8 


•931 


•723 


•709 


•777 


4 


•914 


•725 


•677 


•816 



hibiting the uncertainty attending "experiments of this 
nature," and the necessity for minutely observing and re- 
cording every circumstance which tends to alter and modify 
them. Indeed, for small tubes, a very slight difference in 
the measurement of the diameter must alter the result a good 
deal, particularly when it is recollected that measurements 
are seldom taken more closely than the sixteenth of an inch, 

G 
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unless in special cases. As the author, however, states, 
p. 433 of the work referred to, that the " diameters of the 
tubes at their extremities were carefully enlarged to prevent 
wire edges from diminishing the sections;" this circumstance 
alone must have modified the discharges, and would account 
for most of the differences. 

The coefficient for rectangular short tubes differs in no 
way materially from those given for cylindrical ones, and 
may be taken on an average at '814 or '815. 

SHORT TUBES WITH A ROUNDED MOUTH-PIECE, B, FIG. 24. 

When the junction of a short tube with a vessel takes the 
form of the contracted vein, Figs. 3 and 4, page 20, the mean 
value of the coefficient c^ = '956, and the actual discharge is 
found to be from 93 to 98 per cent, of the theoretical dis- 
charge. Wiesbach, for a tube IJ inch long and -^j^ inch 
diameter, rounded at the junction, found at 1 foot deep 
Cd = '968, at 5 feet deep c^ = '969, and at 10 feet deep 
Cd = •976. These experiments shew an increase of co- 
efficient in this particular case for an increase of depth. Any 
other form of junction than that of the contracted vein, will 
reduce the discharge, and the coefficients will vary from 
•807 to '974, according to the change from the cylindrical 
to the properly curved form, beyond which the coefficient 
again decreases from '974 to "807. The coefficients derived 
from Venturi's experiments will be given hereafter. 

SHORT CONICAL CONVERGENT TUBES, C, FIG. 24. 

The experiments of D'Aubuisson and Castel lead to the 
following coefficients of discharge and velocity* from a coni- 
cally convergent tube o at a depth of 10 feet. We have 
interpolated the original angles and coefficients so as to render 
the table more convenient to refer to for practical purposes 
than the original. The diameter of the tube at the smaller 
or discharging orifice in the experiments was *61 inches, and 

♦ Traits d^Hydraulique, Paris, p. 60. 
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OOEFMCIEBTS WOK OOVIOAL OOITTBBanrT TUBM. 



Converging 
angle o. 


Coefficient 
of discharge. 


Coefficient 
of velocity. 


Converging 
angle o. 


Co^cient 
of difchaige. 


Coefficient 
of velocity. 


1° 


•868 


•858 


14° 


•948 


•964 


2° 


•873 


•873 


16° 


•937 


•970 


8° 


•908 


•908 


18° 


•931 


•971 


4° 


•910 


•909 


20° 


•922 


•971 


5° 


•920 


•916 


22° 


•917 


•973 


6° 


•925 


•923 


26° 


•904 


•975 


8° 


•931 


•933 


80° 


•895 


•976 


10° 


•937 


•960 


40° 


•869 


•980 


12° 


•942 


•955 


50° 


•844 


•985 



the length of the axis 1*57 inch; that is^ the length was 
2*6 times the smaller diameter of the tube. The coefficient 
was *829 for the cylindrical tube, i, e, when the angle at o was 
nothing. The angle of convergence o determines, from the 
proportions, the length of the inner and longer diameter of 
the tube. The coefficients of discharge increase up to *943 
for an angle of 13J or 14 degrees, after which they again 
decrease; but the coefficients of velocity increase as the 
angle of convergence o increases from '829, when the angle 
is zero up to *985 for an angle of 50 degrees. 

When D is the discharge and a the area of the section, we 

have, as before shown, d = Cd a \/2gh; but as, in conically 
convergent or divergent tubes the inner and outer areas (or, 
as they may be called, the receiving and discharging sections) 
vary, it is clear that (the discharge being the same, and also 

the theoretical velocity s/lgK) the coefficient c^ must vary 
inversely with the sectional area a, and that c^ a must be 
constant. For the coefficients tabulated, the sectional area 
used is that at the smaller end of a convergent tube c. 

For a short tube c, whose length is *92 inch, lesser 
diameter 1*21 inch, and greater diameter 1*5 inch, we have 
found, from Venturi's experiments, that c^ = *607 if the 
larger diameter be used in the calculation, and c^ = '934 
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when the lesser diameter is made use of, the discharge taking 
place under a pressure of 2 feet 8^ inches. 

The earlier experiments of Poleni, when reduced, furnish 
us with the following coefficients : A tube 7*67 inches long, 
2" 167 inches diameter at each end, q = '854; the like tube 
with the inner or receiving orifice increased to 2 J inches, 
c^ = •903 ; increased to 3*6 inches, c^ = '898 ; increased to 
5 inches, c^ = "888 ; and increased to 9*83 inches, c^ = '864. 
The depth or head was 21*33 inches, the discharging orifice 
2*167 inches diameter, and the length 7*67 inches, in each 
case. 

In the conically divergent tube d, Fig. 24, the coefficient 
of discharge is larger than for the same tube c, convergent, 
when the water fills both tubes, and the smaller areas, or 
those at the same distances from the centres oo, are made 
use of in the calculations. A tube whose angle of con- 
vergence o is 6° nearly, with a head of from 1 to 10 feet, 
whose axial length is 3^ inches, smaller diameter 1 inch, and 
larger diameter 1*3 inch, gives, when placed as at c, '921 
for the coefficient; but when placed as at d, the coefficient 
increases to *948. In the first case the smaller area, used in 
both calculations, being the receiving, and in the other the 
discharging, orifice. The coefficient of velocity is, however, 
larger for the tube c than for the tube d, and the discharging 
jet of water has a greater amplitude in falling. The effects 
of conically diverging tubes will, however, be better perceived 
from the experiments on compound short tubes. 

COMPOUND ADJUTAGES AND SHORT TUBES. 

If the tube a, Fig. 24, be pierced all round with small holes 
at the distance of about half its diameter from the reseiToir, 
the discharge will be immediately reduced in the proportion 
of '814 to •617. Venturi found the reduction for a tube 
1^ inch diameter and 4^ inches long, at a depth of 2 feet 
10^ inches, as 41 to 31, or as *823 to '622. As long as one 
hole remained open, the discharge continued at the same 
reduced rate; but when the last hole was stopped, the 
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discharge again increased to the original quantity. If a 
small hole be pierced in a tube 4 diameters long, at the 
distance of 1^ or 2 diameters at farthest from the junction, 
the discharge will remain unaffected. This shows that the 
contraction in the cylindrical tube extends only a short 
distance from the junction, probably IJ or 1 J diameter, in- 
cluding the whole curvature of the contraction. 

The contraction at the entrance into a tube from a reservoir 
accounts for the coefficients for a short tube a, Fig. 24, aiid 
the short tubes, diagrams 1 and 2, Fig. 25, being each the 




same decimal nearly, when or : or :: 1 : "8, or when or is 

not less than o r x '79, and is at the distance of nearly -— 

from o R. The form of the junction oorn remaining as we 
have described it, the following coefficients will enable us to 
judge of the discharging powers of different short mouth- 
pieces. They have been deduced and calculated principally 
from Venturi'8 experiments*. 

These coefficients show very clearly that any calculations 
from the mere head and size of the orifice, without taking 
into consideration the form of the discharging tube and its 
connection with the reservoir, are very uncertain; and that 
the discharge can only be correctly obtained when all the 
circumstances of the case, including the form of the dis- 
charging orifice and its approaches, are duly considered. 

* See Nicholson's translation of Yenturi's Experimental Inquiries, 
published in the '^ Tracts on Hydraulics/' London, 1836. The coeffi- 
cients in the Table, next page, hare been all calculated for the first 
time by us. 
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TABLI or OOEFVIOIEVTS FOB ]COUTH-?ISOHS AKD 8H0BT TUBB0. 



DeMription of orifice, mouth-piece, or short tabe. 



Coeffldents 

for the 

diameter 

OR. 



6. 



7. 

It 
8. 



1. An orifice 1§ inch diameter in a thin plate 

2. A cylindrical tube 1^ inch diameter and 4^ inches 
long. A, Fig. 24 

3. A cylindrical tube, b. Fig. 24, having the junction 
rounded, as in Fig. 4, page 20 

4. A short conical convergent mouth-piece, o, Fig. 24, 
of the proportions of oorB, Fig. 25 

5. The like tube divergent, with the smaller diameter 
at the junction with the reservoir ; length 3 1 inches, 
lesser diameter 1 inch, and greater ^meter 

1-8 inch 

The tube, oouvtb., diagram 2, Fig. 25, when 
o B ^ 1^ inch, or ^ 1*21 inch, uvz=z 1*21 inch, 
and tt ^ rv =: 2 inches, the cylindrical portion 

being shown by dotted lines 

The same tube when ou = 11 inches 

The same tube when ou = 23 inches 

The tube, oo<8itrB, diagram 2, Fig. 25, in 
which 0B = «<=i8T = l^ inch, from o to « 
1| inch, and «s := 8 inches, gives the same coeffi- 
cient as the cylindrical tube, result No. 2 (see 
No. 18), viz 

9. The tube, diagram 1, Fig. 25, ob := 1^ inch 

10. The same tube, having the spaces oto and rtB. 
between the mouth-piece o o r B and the cylindrical 
tube s T R open to the influx of the water ..... 
The double conical tube, oosTrB, diagram 8, 
Fig. 25, when 0B = 8T^li inch, or = 1'21 

inch, 00 = '92 inches, and o8 = 4*1 inch 

The like tube when, as in diagram 4, Fig. 25, 

oorB = o8Tr, and oo8 = 1*84 inch 

The like tube when 8 t = 1*46 inch, and o 8 
= 2*17 inches 

14. The like tube when 8 t = 8 inches, and o s ^ 9| 
inches 

15. The like tube when o8 = 6j^ inches, and 8T 
enlarged to 1*92 inch , 

16. The like tube when 8T = 2| inches, and 8 
^12|^ inches , 

17. A tube, diagram 5, Fig. 25, when o« = rt = 8 
inches, o r = « < =: 1*21 inch, and the tube o 8 T r 
the same as described in No. 1 1, viz. 81^1^ inch, 
and «s = 4*1 inches 

18. The tube, diagram 2, Fig. 25, when 8 t is enlarged 
to 1*97 inch, and «8 to 7 inches, the other di- 
mensions remaining as in No. 8 

19. When the junction of otrt with ssTt, diagram 2, 
Fig. 25, is improved, the other parts remaining as 
described in No. 8 

Another experiment gives 



11. 



12. 



18. 



•622 

•823 
•611 
•607 

•561 



•600 
•667 
•531 



•823 
•804 



•785 

•928 
•828 
•828 
•911 
1-020 
1-216 

•895 
•945 



•850 
•847 



Coefficients 

for the 

diameter 



or. 



•974 
•823 
•956 
•934 

•948 



•923 
•873 
•817 



1^266 
1^237 



1-209 

1-428 
1-266 
1-266 
1-400 
1-569 
1-855 

1^377 
1-454 



1-309 
1-308 
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When a tube similar to diagram 5, Fig. 26, has the 
junction o o r R rounded, as in Fig. 4, page 20, the outer 
extremity stsT, such that st z:: or, ss :^ 9sty and the 
diameter s t =: 1*8 times the diameter s i, with a short 
central cyUndrical piece orst between, the coefficient of 
discharge corresponding to the diameter orzzirs will increase 

1'493 
to 1*493 or 1'565; that is, the discharge is Vggg- =; 2*4, or 

1*555 

"iiggg- == 2*6 times as much as through an orifice (whose 

diameter is or) in a thin plate, and -^22 ==1*^ times as much 

as through a short cylindrical tube a, Fig. 24, whose diameter 
is also o r. Venturi was of opinion that this discharge con* 
tinned even when the central cylindrical portion orst was of 
considerable length ; but this was a mistake, as the maximum 
discharge is obtained when it is reduced so that 00 rR and 
%str shall join, as in diagram 3, Fig. 26. We see from 

1*569 
No. 16 of the foregoing coefficients that ^^22" — ^'^^ ^^^ 

•822 ^ ^*^^ *^®' perhaps, nearer to the maximum results 
obtainable in comparing the discharge from a compound tube 
00 STr R, diagram 3, Fig. 26, with 
those through an orifice in a thin 
plate, and through a short cylin- 
drical tube. When the form of the 
tube becomes curvilineal through- 





Fig-.26 

iiiiiuifiiUiimiiUiii T 



out, as in Fig. 26, st = l*8or and os = 9or, the coeffi- 
cient suited to the diameter or will be 1*67 nearly, and the 

1*57 
discharge will be -1^22 ~ '^'^^ times as much as through an 

orifice o r in a thin plate. 

The whole of the preceding coefficients have been deter- 
mined from circumstances in which the coefficient for an 
orifice in a thin plate was '622, and for a short cylindrical 
tube '822 or '823. When the circumstances of head and 
approaches in the reservoir are such as to increase or decrease 
those primary coefficients, the other coefficients for compound 
adjutages will have to be increased or decreased propor- 
tionately. 
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On examining the foregoing results, it appears sufficiently 
clear that the utmost efiect produced by the formation of the 
compound mouth-piece ooBTrBf with the exception of 
No. I69 is simply a restoration of the loss effected by con- 
traction in passing through the orifice or in a thin plate, 
and that the coefficient 2*6 applied to the contracted 
section at or is simply equal to the theoretical discharge, 
or the coefficient unity j applied to the primary orifice o r ; 
for as, orifice or.: orifice or \\ 1 : '64, very nearly, when 
o o r R takes the form of the vena-contractay and the coeffi- 
cient of discharge for an orifice or in a thin plate is '622, we 
get the theoretical discharge through the orifice or to the 
actual dischai^e through an orifice o r, so is 1 to *622 x *64, 
so is 1 : '39808 :: 1 : '4 very nearly; and as '4 x 2-6 =: 1, it 
is clear that the form of the tube o s t r r, when it produces 
the foregoing effisct, simply restores the loss caused by con- 
traction in the vena-contracta. Venturi's sixteenth experi- 
ment, from which we have derived the coefficients in No. 16, 
gives the coefficient 1*216 for the orifice or. This indicates 
that a greater .discharge than the theoretical, through the 
receiving orifice, may be obtained. It is, however, observable 
that Venturi, in his seventh proposition, does not rely on this 
result, and Eytelwein's experiments do not give a larger 
coefficient than 2*6 applied to the contracted orifice or, 
which, we have above shown, is equal to the theoretical 
discharge through or. 

shoots. 

When the sides and under edge of an orifice or notch increase in 
thickness, so as to be converted into a shoot or small channel, open at 
the top, the coefficients reduce very considerably, and to an extent 
beyond what the increased resistance from friction, particularly for small 
depths, indicates. Poncelet and Lesbros* found for orifices 8" X 8", that 
the addition of a horizontal shoot 21 inches long reduced the coefficient 
from '604 to '601, with a head of about 4 feet ; but for a head of 4| inches 
the coefficient fell from '572 to '483. For notches ^ wide, with the 
addition of an horizontal shoot 9' IC/' long, the coefficient fell from '582 
to -479 for a head of 8'; and from '622 to '340 for a head of 1". Castel 
also found for a notch 8" wide, with the addition of a shoot 8" long, 
inclined 4° 18', the mean coefficient for heads firom 2" to 44", to h^ 
'527 nearly. 

* Traits d'Hydraulique, pp. 46 et 94. 
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SECTION VII. 

LATERAL CONTACT OP THE WATER AND TUBE. — ATMOSPHERIC 
PREBBUBE. HEAD HEASITilED TO THE DISCHARQING OBI- 
PICE. COEPPICIBNT OP HEfllSTANCB. — FOBHULA FOR TOE 

DISCHARGE FBOH A SHORT TUBB. DIAPHRAGHB. OB- 
LIQUE JUNCTIONS. — FORMULA FOB THE TIME OP THE 
BUBFACB SINKING A QIYEN DEPTH. 

The contracted vein o r is P 
about *8 times the diameter I 
ob; butitisfound.DOtwith- : 
standing, that water, in pass- ~ 
ing through a short tube of - 
not less than 1 ) diameter in : 
length, fills the whole of the | 
dischat^ng orifice s t. This 

is partly effected by the outflowing column of water carrying 
forward and exhausting a portion of the air between it and 
the tube, and by the external air then pressing on the column 
so as to enlarge its diameter and fill the whole tube. When 
once the water approaches closely to the tube, or is caused to 
approach, it is attracted and adheres with some force to it. 
The water between the tube and the vena-contracta is, how- 
ever, rather in a state of eddy than of forward motion, as 
appears from the experiments, with the tube, diagram 2, 
Fig. 25, giving ibe same discharge as the simple cylindrical 
tube. If the entrance be even contracted by a diaphragm, as 
at o R, Fig. 27, the water will generally fill the tube if it be 
only sufficiently long. Short cylindrical tubes do not fill 
when the dischai^e takes place in an exhausted receiver ; but 
even diverging tubes, d, Fig. 24, will be filled, in the air, when 
the angle of divergence o does not exceed 7 or 8 degrees, and 
the length be not very great nor very short. 

H^AfiM a tube is Jlttedy with any inclination, to the bottom 
or side of a vessel, it is found that the discharge is that due 
to the head measured from the surface of the water to the 
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lower or discharging extremity of the tube. It must, how- 
ever, be suflSciently long, and not too long, to get filled 
throughout. Guiglielmini was the first who referred this 
eflfect to atmospheric pressure, but the first simple explanation 
is that given by Dr. Mathew Young, in the Transactions of 
the Royal Irish Academy^ vol. 7, p. 63. Venturi also, in his 
fourth proposition, gives a demonstration. 

The values of the coefficients for short cylindrical tubes, 
which we have given above, have been derived from experi- 
ment. Coefficients which agree pretty closely with them, and 
which are derived from the coefficients for the discharge 
through an orifice in a thin plate, may, however, be calculated 
as follows : Let c be the area of the approaching section, 
Fig. 27, A the area of the discharging short tube, and a the 
area of the orifice o r which admits the water from the vessel 
into the tube : also put, as before, h for the head measured 
from the surface of the water to the centre of the tube, and 
.diaphragm or; t? for the velocity of discharge at s t ; v^ for 
the velocity of approach in the section c towards the 
diaphragm or; and c^ for the coefficient of contraction in 
passing from o r to or ; then we have c x t?a = ^^> ^® con- 
tracted section or z=. c^^a, and consequently the velocity at 

the contracted section = — ^= ^i^. Now a head equal to 



aCf, acc 



p'-vi 



«•('-?) 



^9 ~ 2^ 

is necessary to change the velocity v^ iiito v if there be no loss 
in the passage ; but as the water at the contracted section o r, 

moving with a velocity , strikes against the water be- 

acc 

tween it and t s, moving, fi-om the nature of the case, with a 

slower velocity, a certain loss of effect takes place from the 

impact. If this be sudden (as it is generally supposed) it is 

then shown by writers on mechanics that a loss of head equal 

A V 

to that dtie to the difference of the velocities — v, before 

a Cf, 
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and after the impact must take place. This loss of head is 
therefore equal to 

^9 ' 

whence we must have the whole head, 

('-?)'--(i7->)'-- 



(60.) 



h — 



"^g 



from which we find the velocity 



1 



(61 






Now, as V = \/2gh would be the velocity of discharge 
were there no resistances, or loss sustained, it is evident that 

( ,_i ,1' 

\\ ^ _^ ^ ( _f_ « 1 J ■ is the coeflScient of velocity. 

When the diameter of the diaphragm or becomes equal to 
the diameter st of the tube, a = a, and as the coefficient 
of velocity becomes equal to the coefficient of discharge 
when there is no contraction, we get in this case the co- 
efficient of discharge 

1 



(62.) 



<?d = 



'-^(i-O* 



and when the approaching section c is very large compared 
with the area a, 

' 1 

(63.) 



<'"d = 



1 + 



(^')' 



If Ce = "64, we shall find from the last equation c^ = '872 ; 
if c. = -601, Cd = -833; if Ce = -617, Ca = -847; and if 
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Cc = '621, €?d=:'856. These results are in excess of thode 
derived from experiment with cylindrical short tubes, per- 
fectly square at the ends and of uniform bore. As some 
loss, however, takes place in the eddy between or and the 
tube, and from the friction at the sides, not taken into 
account in the above calculation, it will account for the 
differences of not more than from 4 to 6 per cent, between 
the calculation and experiment. If Cc be assumed for cal- 
culation equal '590, then c^ = '821 ; and as this result agrees 
very closely with the experimental one, c^ should be taken 
of this value in using the above formulee for practical 
purposes. 

COEFFICIENT OF RESISTANCE.— LOSS OF MECHANICAL POWER 
IN THE PASSAGE OF WATER THROUGH THIN PLATES AND 
PRISMATIC TUBES. 

The coefficients of contraction, velocity, and discharge have 
been already defined. The coefficient of resistance is the 
ratio of the head due to the resistance^ to the theoretical 
head due to the discharging or final velocity. If v be this 

velocity, the theoretical head due to it is — ; and if c, be 

the coefficient of resistance, then the head due to the resist- 
ahce itself is, from our definition, c, x -— . Now if c^ be 

the coefficient of velocity, the theoretical velocity of discharge 

jbA Aft 

must be — , and the head due to it is equal ; but 

c^ c?| X 1g 

as the theoretical head due to v is — , we have 

v' »' _ / 1 ^ - * 



c? x2g 2g \ c? / 2g 

for the height due to the resistance; and, therefore, from our 
definition 

(64.) c,= l-l; 
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from which we find 
(66.) 



<?T = 



1 



l^r+ 1) 



These equations enable us to calculate the coefficient of re- 
sistance from the coefficient of velocity, and vice versd. If 
Cy zz 1 , c, = 0, as it should be. The following short Table, 
calculated from equation (65), will be of use. 

COBFFICISHT8 OF YILOOITT AVD RSSI8TAH0B*. 



Coefficient 
of velocity. 


Coefficient 
of resistance. 


Coefficient 
of velocity. 


Coefficient 
of resistance. 


Coefficient 
of velocity. 


Coefficient 
of resistance. 


•990 


•020 


•910 


•208 


•830 


•462 


•970 


•063 


•890 


•268 


•820 


•488 


'950 


•109 


•870 


•320 


•814 . 


•508 


•930 


•156 


•860 


•883 


•810 


•525 



The coefficient of velocity for an orifice in a thin plate, or 
for a mouth-piece, Fig. 4, is '974; while that for a short 
prismatic tube, a. Fig. 24, is '814 nearly. The coefficient of 
resistance in the former case is '064, and in the latter '608; 
there is, therefore, 9*4 times as great a loss of mechanical 
power in the passage through short prismatic tubes, as 
through orifices in thin plates or tubes with a rounded 
junction, as in Fig. 4, the quantities of water discharged and 
the discharging velocities being the same. 

If the quantities discharged and the heads be the same in 
both cases, then we shall have 



V' 



2ff X '8W 2g X -974^ 



t^? 



tj 



equal the head ; 

or -949 «;? ='663vl; 



*^^ '^' -663 X 2g " -949 x 2/ 

whence we get v^ = '698 1?5 and t^ = 1-431 «;? for the relation 

of the discharging velocities, v^ from an orifice, and v^ from 

a short tube. The height due to the resistance is, therefore, 
1 \ 2 

— 1 1 £l for short prismatic tubes, and 
•814» /2y 



( 



* See the Tables of resistances, discharge, and contraction, pp. 96 and 98. 
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1-431 »? 



(— -0 



974' / 2g 

for orifices in thin plates. These are to each other as '608 
to '064 X 1'431, or as 6'08 to '773; that is to say, the loss 
of mechanical power arising from the resistance in passing 
through short tubes is \5\ times as great as when the 
water passes through thin plates or mouth-pieces^ as in 
Fig. 4; and the discharging mechanical power in plates, is 
to that in tubes as 1*431 to 1, or as 1 : *698, the heads and 
quantities discharged being the same. 

The whole loss of mechanical power in the passage is 
6*4 per cent, for the plates, and about 51 per cent, for 
short tubes. If the loss compared with the whole head be 

sought^ we get, when v is the discharging velocity, for 

the theoretical velocity due to the head in short tubes, and 

its square = is as the whole head; therefore, 

^ •814'^ -663 

the whole head is to the head due to the discharging velocity, 

as to t?*, or as 1 to '663, and as '608 is the coefficient 

•663 

of resistance* for the discharging velocity, '508 x '663 

= *337 is the coefficient of resistance due to the whole 

head ; this is equal to a loss of 34 per cent, nearly, or about 

one-third. In like manner, we find "974* x '064 =: *0512 

for the coefficient when the discharge takes place through 

thin platesy or 5^ per cent, of the whole head. 

DIAPHRAGMS. 

When a diaphragm, o r, Pig. 27, is placed at the entrance 
of a short tube, we have shown, page 91, that a loss of 

(^-i)V 

head equal ^-- takes place when v is the dis- 

charging velocity, whence the coefficient of resistance is 

* Table, p. 93. 
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equal to (— -— 1 ) ,* according to our definition. The 

coefficient of construction, c^y as we have before shown, 
page 92, should be taken equal to '590 in the application of 
formula (63) ; and, as it must also be taken equal to about 
•621 when the area of the tube a is very large compared 
with the area a of the orifice o r in the diaphragm, we may 

assume that when — is equal to 

A 

oi ^ ^ L ^ 1. L ^ L 
' lo' io* 10' 10' lo' lo' lo' 10' 10 

and 1 successively, the coefficient c^ must be taken equal 
to -621, -618, -615, -612, -609, -606, -603, -600, -597, -593 
and -590, in the same order. As the approaching section c 
may be considered exceedingly large, the value of the co- 
efficient of discharge or velocity, as the tube orst is sup- 
posed full, in equation (61), becomes 



(66.) Cd = 



1 V 



1 + 



(--Or 



and the coefficient of resistance 
(67.) c,= (A.-iy; 

from which equations and the above values of i?c, corre- 
sponding to — , we have calculated the following values of 

A 

the coefficients of discharge and resistance through the tube 
orst, Fig. 27. 



* When the alteration in the velocity passing through a diaphragm 
is sudden, we must reject the hypothesis of D'Aubuisson, " Traite d'Hy- 
draulique/' p. 238, and adopt that of Navier, taking the loss of head to 
correspond to the square of the difference and not to the difference of 
the squares of the velocities in and after passing the orifice. The 
coefficient of contraction must, however, be varied to suit the ratio of 
the channels, as in this and the following pages. 
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OOBWIOIKVTS OF OONTRAOTION, DISOHASaB, AND RBSISTAKCK FOB PIAPHBAQMS. 



Ratio 

a 


1 . 


V 


Coefficient 


Ratio 
a 

^■^ • 

A 


Coefficient 


Coefficient 


Coefficient 


00 


•621 


•000 


infinite. 


0^6 


•603 


•493 


3116 


01 


•618 


•066 


281^ 


0-7 


•600 


•587 


1^907 


0-2 


•615 


•139 


60-8 


0-8 


•597 


•675 


1198 


OS 


•612 


•219 


198 


0-9 


.593 


•753 


•762 


0-4 


•609 


•807 


9-6 


10 


•590 


•821 


•483 


0-6 


•606 


•399 


5-3 


■ • • 


• • • 


• •• 


• • • 



In this table c^ is the coefficient of contraction^ c^ the co- 
efficient of discharge, suited to the larger section of the 
pipe A, at st; and c, the coefficient of resistance. The 
discharge is found from equation (61), as c is here very large 
compared with A, to be 

1 ^* 



(67a.) d = a \/^2gh 



1 + 






= k.s/2gh 



1 



=: Cd A sj'igh. 



\ac^ 



-')• 



1 + c. 
The coefficient of resistance, c,, is here equal ( 

and the coefficient of discharge c^ = -= -*.* 

The tube must be so placed, that the water, after passing 
the diaphragm, shall fill it; for instance, between two cis- 
terns, when the height h must be measured between the 
water surfaces, or when the tube is sufficiently long to be 
filled ; in this case, however, the height must he determined 
from the discharging velocity, as a portion of the head is 
required to overcome the friction, which we shall have im- 
mediately to refer to. 



* For the loss sustained by contraction in the bore of a pipe by a 
diaphragm, see further on. 
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The table shows that the head due to the resistance is 
5*3 times that due to the discharging velocity^ when the 
area of the diaphragm is half the area of the tube ; that is, 
the whole head required is 6*3 times that due to the velocity, 
and that the coefficient of discharge is reduced to '399. In 
order to find the coefficients suited to the smaller area of the 
orifice in the diaphragm o r, when it is to be used in calcula- 
tions of the discharge, we have only to divide the numbers 

corresponding to — into those of Cd, opposite to them in the 

a 

table. Thus, when — = '8, we have the coefficient of dis- 

•676 
charge suited to the area a, equal -7^ = '844, and so of 

a 

other values of the ratio —. The coefficients in the opposite 



TUBES OBLIQUE AT THE JUNCTION. 




When a tube is at- 
tached obliquely, as in 
Fig. 28, we have found 
that if the number of 
degrees in the angle tos, 
formed by the direction 
of the tube os, with the 
perpendicular ot, be re- 
presented by (p, then '814 — '0016^ will give the coefficient of 
discharge corresponding to the obliquely attached short tube in 
the Figure. This formula is, however, empirical, but it is simple, 
and agrees pretty closely with experimental results. As the 

coefficient of resistance is equal 1, equation (64), we 

have here c, = /.qi4 — '0016 o\^ "" ^ ^ ^^^°^ these equations 
we have calculated the following Table : — 

H 
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ooimonEirTS or disoharoe akd resistanos fob oblique juitotiohs. 



in degrees. 


Coefficient 
of discharge. 


Coefficient 
of resistance. 


in degrees. 


Coefficient 
of discharge. 


Coefficient 
of resistance. 


0° 


•814 


•508 


85° 


•758 


•740 


5 


•806 


•539 


40 


•750 


•778 


10 


•798 


•569 


45 


•742 


•816 


15 


•790 


•602 


50 


•784 


•856 


20 


•782 


•635 


55 


•726 


•897 


25 


•774 


•669 


60 


•718 


•940 


30 


•766 


•704 


65 


•710 


•984 



The coefficient of resistance for a tube at right angles to the 
side, is to the like coefficient when it makes an angle of 
45 degrees as '608 to '816, or as 1 to 1*6 nearly; and the 
loss of head is greater in the same proportion. If the short 
tube be more than three or four diameters in length, friction 
will have to be taken into account. 



FORMULA FOR FINDING THE TIME THE SURFACE OF WATER 
IN A CISTERN TAKES TO SINK A GIVEN DEPTH. 
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In experiments for find- 
ing the value of the coeffi- 
cients of discharge, one of 
the best methods is to ob- 
serve the time the water 
discharged from the orifice 
takes to sink the surface in 
a prismatic cistern a given 
depth ; the ratio of the observed to the theoretical time will 
then give the coefficient sought. A formula for finding the 
theoretical time is, therefore, of much practical value. In 
Fig. 29, the time of falling from *^ to st, in seconds, is 



(68.) 



i = 



4-0125 a 



{(A +/)* - ^*}, 



in which a is the area of the orifice o R, and a the area of 
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the prismatic vessel at «^ or st; this formula is for measures 
in feet. For measures in inches, we have 

Example VII. — A cylindrical vessel 6'74 inches in dia- 
meter has an orifice '2 inch in diameter at a depth (tf 
16 inches below the surface^ measured to the centre; it is 
found that the water sinks 4 inches in 61 seconds; what is 
the coefficient of discharge ? 

The theoretical time, t, is found from equation (69), equal 
5-74' X -7854 ^jg, _ jg*} = 32'9476 ^^ ^ 3.4341 j 



13-9 X -2^ X -7854 " ' -656 

17-6666 , , 31-8 ^^, . 

= .egg X '6369 = 31*8 seconds; hence, -^ = '624 is 

th^ coefficient sought. When the orifice or and the horizontal 



A . st' 



section of the vessel are similar figures, — isequal— j; and 

therefore, for circular cisterns and orifices, it is unnecessary to 
introduce the multiplier '7864. 



SECTION VIII. 

FLOW OF WATER IN UNIFORM CHANNELS. — MEAN VELOCITY. 

MEAN RADII AND HYDRAULIC MEAN DEPTHS. — BORDER. 

^TRAIN. HYDRAULIC INCLINATION. EFFECTS OF FRIC- 
TION. — FORMULA FOR CALCULATING THE MEAN VELOCITY. 

APPLICATION OF THE FORMULiE AND TABLES TO THE 

SOLUTIONS OF THREE USEFUL PROBLEMS. 

In rivers the velocity is a maximum along the central line 
of the surface, or, more correctly, over the deepest part of 
the channel; and it decreases thence to the sides and bottom : 
but when backwater arises from any obstruction, either a 

* See Note A for formulae for finding the time of filling Lock- 
chambers. 

H 2 
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submerged weir, Fig. 22, or a contracted channel. Fig. 23, 
the velocity in the channel approaching the obstruction is a 
maximum at the depth of the backwater below the surface, 
and it decreases thence to the surface, sides, and bottom. 
When water flows in a pipe of any length, the velocity at 
the centre is greatest, and it decreases thence to the sides 
or circumference of the pipe. If the pipe be supposed di- 
vided into two portions in the direction of its length, the 
lower portion or channel will be analogous to a small river 
or stream, in which the velocity is greatest at the central 
line of the surface, and the upper portion will be simply the 
lower reversed. A pipe flowing full may, therefore, be 
looked upon as a double stream, and we shall soon see that 
the formulsB for the discharge from each kind are all but 
identical, though a pipe may discharge full at all inclinations, 
while the inclinations in rivers or streams, having uniform 
motion, never exceed a few feet per mile. 

MEAN VELOCITY. 

It is found, by experiment, that the mean velocity is nearly 
independent of the depth or width of the channel, the central 
or maximum velocity being the same. From a number of 
experiments, Du Bu&t derived empirical formulas equivalent 
to 

t^==^5[L^ = v-v* + J, v,==(v*-l)«, andv==(vt + l)*; 

in these equations v is the mean velocity, y the maximum 
velocity, and v^ the velocity at the sides, or bottom, ex- 
pressed in French inches. Tables calculated from these for- 
mulae do not give correct results for measures in English 
inches, though they are those generally adopted. Disregarding 
the difference in the measures, which are as 1 to 1*0678, it 
will be found that, in the generality of channels, the mean 
velocity is not an arithmetical mean between the velocity at 
the central surface line and that at the bottom, though nearly 
so between the mean bottom and mean surface velocities. 
Dr. Young*, modifying Du Buat's formula, assumes for 

* Philosophical Transactions, 1808, p. 487. 



ORIFICES^ WEIRS, PIPES, AND RIVERS. 101 

English inches that t? -f t^ = v, and hence t7=v + J^ — (v + J)*. 
This gives results very nearly the same as the other formula 
for Vy but something less, particularly for small surface velo- 
cities. For instance, Du Buat's formula gives '5 inch for the 
mean velocity when the central surface velocity is 1 inch, 
whereas Dr. Young's makes it '38 inch. For large velocities 
both formulse agree very closely, disregarding the difference 
between the measures, which is only 7 per cent. They are 
best suited to very small channels or pipes, but unless at mean 
velocities of about 3 feet per second, they are wholly inappli- 
cable to rivers. 

Prony found, from Du Bu&t's experiments, that for measures 

in metres t? = ( ^ , ^^,^ — )v» This, reduced for measures 

\3-16312h-v/ ' 

in English feet, becomes 

^^^•^ / = ( lO-346 + T >' 

and for measures in English inches, 

(71.) .= (93;^+JL)v. 

For medium velocities t? = '81 v. The experiments from 
which these formulae were derived were made with small 
channels. We have calculated the values of v from that of 
V, equation (71), and given the results in columns 3, 6, and 9, 
in Table VII. Ximenes, Funk, and Brtinnings' experiments 
in larger channels give the mean velocity at the centre of the 
depth equal '914 v, when the central surface velocity is v ; but 
as the velocity also decreases in nearly the same ratio from the 
centre to the sides of the channel, we shall get the mean 
velocity in the whole section equal '914 x '914 v = '835 v; 
and hence we have, for large channels, 
(72.) V = -836 V. 

We have also calculated the values of v from this formula, 
and given the results in columns 2, 5, and 8 of Table VII. 
This table will be found to vary considerably from those cal- 
culated from Du Buat's formula in French inches, hitherto 
generally used in this country, and much more applicable for 
all practical purposes. 
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MEAN RADIUS. HYDRAULIC MEAN DEPTH. BORDER. 

COEFFICIENT OF FRICTION. 

Ify in the diagrams 1 and 2, 

Fig. 30, exhibiting the sections 

of cylindrical and rectangular 

tubes filled with flowing water, 

the areas be divided respectively 

by the perimeters acbda and 

A B D c Ay the quotients are termed '' the mean radii " of the 

tubes, diagrams I and 2, and the perimeters in contact with 

the flowing water are termed " t?ie borders." In the diagrams 

3 and 4, the surface a b is not in contact with the channel, and 

the length of the bed and sides a c d b become " the border J"' 

" The mean radiiis" is equal to the area a b d o a divided by 

the length of the border a o d b. " The hydraulic mean depth" 

is the same as ^Hhe mean ra^Uus" this latter term being 

perhaps most applicable to pipes flowing full, as in diagrams 

1 and 2 ; and the former to streams and rivers which have a 

surface line a b, diagrams 3 and 4. We shall, throughout the 

following equations, designate the value of the mean radius, 

area a b d c a 
hydraulic mean depth, or quotient, r — 3 ^>* ^Y ^'^ 

letter r, only remarking here thatybr cylindrical pipes ^flotmng 
fully or rivers with semicircular beds, it is always equal to 
half the radius, or one-fourth of the diameter, 

Du Buat was the first to observe that the head due to the 
resistance of friction for water flowing in a uniform channel 
increased directly as the length of the channel I, directly as 
the border, and inversely as the area of the cross-flowing 

* M. Girard has conceived it neoessaiy to introduce the coefficient of 

correction 1*7 as a multiplier to the border for finding r, to allow for the 

increased resistance from aquatic plants; so that, according to his 

reduction, 

area 

1*7 border ' 

See Bonnie's First Report on Hydraulics as a Branch of Engineering; 
Third Report of the British Association, p. 167. Also equation (85), p. 112. 
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section*, very neaiiy ; that is, as — . It also increases as the 
square of the velocity, nearly ; therefore the head due to the 

resistance must be proportionate to ^ — • ^^ ^t x oT^ — ^f> 

then €f is the coefficient for the head due to the resistance of 
friction, as Af is the head necessary to overcome the friction, 
Cf is therefore termed " the coefficient of friction ^ 



HYDRAULIC INCLINATION. — TRAIN. 

If / be the length of a pipe or channel, and h^ the height 

hi 
due to the resistance of friction of water flowing in it, then 7 

is the hydraulic inclination. In Fig. 31 the tubes a b, c d, of 




the same length Z, and whose discharging extremities b and d are 
on the same horizontal plane b d, will have the same hydraulic 
inclination and the same discharge, no matter what the actual 
inclinations or the depth of the entrances at a and c may be, 
so they be of the same kind and bore ; and as the velocities in 
A B and c D are the same, the height h due to them must be the 
same when the circumstances of the orifices of entry a and c 
are alike. We have the whole head h = A + Af (see pp. 89 
and 90). The hydraulic inclination is not therefore the whole 
head h, divided by the length I of the pipe, as it is some- 
times mistaken, but the height Af (found by subtracting 
the height A, due to the entrance at A or c, and the velocity 
in the pipe, from the whole height) divided by the length /. 
When the height A is very small compared with the whole 
height H, as it is in very long tubes with moderate heads, 

* Pitot had previously, in 1726, remarked that the diminution arising 
from friction in pipes is, cosUris panbtMj inversely as the diameters.^ 
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H 



ht 



Y may be substituted for j without error ; but for short pipes 

up to 100 feet in length the latter only should be used in 
applying Du Buat's and some other formulae ; otherwise the 
results will be too lai^e, and only fit to be used approximately 
in order to determine the height h from the Telocity of dis- 
charge thus found. When the horizontal pipe c d. Fig. 32, is 




equal in every way to the inclined pipe a b, and the head at a 
is that due to the velocity in c d, the discharge from the pipe 
A B will be equal to that from c d ; but a peculiar property 
belongs to the pipe ab in the position in which it is here 
placed ; for if we cut it short at any point e, or lengthen it to 
any extent^ to £, the discharge tmll remain the same and 
equal to that through the horizontal pipe c d. The velocity 
in A b at the angle of inclination a b c, when a c = Af> and 
A b = c D, is therefore such that it remains unaffected by the 
length A E or A &y to which it may be extended or cut short ; 
and at this inclination the water in the pipe ab is said to be 
" in trainJ^ In like manner a river or stream is said to be 
^Hn train'* when the incUnation of its surface bears such a 
relation to the cross section that the mean velocity is neither de- 
creased nor increased by the length of the channel ; and we per- 
ceive from this that the acceleration catised by the inclination 
is exactly counterbalanced by the resistances to the motion 
when the mowing water in a pipe or river channel is in train. 



V 



As A = (1 + Cr) 2^ where c, is the coefficient of the height 
due to the resistance at the orifice of entry a or c, and 

hf = Cf-Q — , we theretore get 
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(73.) H = (1 +c,)777:+ Ct X 



and hence we find the mean velocity of discharge 



(74.) 



_r 2jyH -li 



When A is small compared with Af, or, which comes to the 

I 
same thing, 1 + c, small compared with Cf x - > 



(76.) 
and 

(76.) 



H =: c, X o — » 



v=- < 



2gr 



I > 



Cf 



i 



If, ia the last equation, we substitute » for -j, equal the sine 
of the angle of inclination a b c, we then have 



(77.) 



"={^r- 



An average value of Cf for all pipes with straight channels is 
•0069914, from which we find equation (77) becomes, for 
measures in feet. 



(78.) 



V == 96 k/t 8, 



As the mean value of the coefficient of resistance c, for the 
entrance into a tube is '608, and as 2^ = 64*403, and 
Cf = '0069914, equation (74), for measures in feet, becomes 



V :=: < 



64-403 H 



1-508 + -0069914- 

r 



> , or 



.={. 



Hr 



(79.) V - 1^.0234 r + -0001086 /j 

This, multiplied by the section, gives the discharge. 



i}' 
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DU BUAT*S FORMULA. 



The coefficient of friction Cf is not, however, constant, as it 
varies with the velocity. That which we have just given 
answers for pipes when the velocity is from 18 to 24 inches 
per second. For pipes and rivers it is found to increase as 
the velocity decreases; that is, the loss of head is propor- 
tionately greater for small than for large velocities. Du Buat 
found the loss of head to be also greater for small than large 
channels, and applied a correction accordingly in his formula. 
This, expressed in French inches, is 

297 (r» - 0-1) 
(80.) V = YTx^ ^ -^ Tj - -3 (r* - 0-1), 

(7) -hyp.log.(- + l-6) 

. . . Af 

maintaining the preceding notation, in which « = y. In this 

formula 0*1, in the numerator of the first term, is deducted as 
a correction due to the hydraulic mean depth, as it was found 
that 297 (r* — 0*1) agreed more exactly with experiment 

than 297 r* simply. The second term, hyp. log. ( - + 1*6 J, 

of the denominator is also deducted to compensate for the 
observed loss of head being greater for less velocities, and the 
last term '3 (r* — O'l) is a deduction for a general loss of 
velocity sustained from the unequal motions of the particles 
of water in the cross section as they move along the channel. 
These corrections are empirical; they were, however, deter- 
mined separately, and after being tested by experiment, 

applied, as above, to the radical formula v = 297 \/rs. 

Du Buat's formula was published in his Principes 
d' Hydrauliquej in 1786. It is, as we have seen, partly 
empirical, but deduced by an ingenious train of reasoning 
and with considerable penetration from about 126 experi- 
ments, made with pipes from the 19th part of an inch to 
18 inches in diameter, laid horizontally, inclined at various 
inclinations, and vertical; and also from experiments on open 
channels with sectional areas from 19 to 40,000 square inches, 
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and inclinations of from 1 in 112 to 1 in 36,000. The lengths 
of the pipes experimented with varied from 1 to 3, and from 
3 to 3600 feet. 

In several experiments by which we have tested this 
formula, the resulting velocities found from it were from 
1 to 5 per cent, too large for small pipes, and too small for 
straight rivers in nearly the same proportion. As tlie experi- 
ments from which it was derived were made with great care, 
those with pipes particularly so, this was to be expected. 
Experiments with pipes of moderate or short lengths should 
have the circumstances of the orifice of entry from the 
reservoir duly noted ; for the close agreement of this 
formula with them must depend a great deal, in such pipes, 
on the coefficient due to the height A, which must be deducted 

from the whole head h before the hydraulic inclination, y = «, 

can be obtained ; but for very long pipes and uniform channels 
this is not necessary. 

Under all the circumstances, and after comparing the 
results obtained from this and other formulae, we have pre- 
ferred calculating tables for the values of v from this formula 
reduced for measures in English inches, which is 

306-596 (f» - -1032) _^^ ^ 

V = jYT, ^ rl \ " '2906 (r* - -1032), 

(j) - hyp. log. ( - H. 1-6 ) 

or more simply, 

307 (r» - -1) 
(81.) vzzjY^i ^ j^ -_.3(r»--l). 

(-) - hyp. log. ( - + 1-6 j 

This giTes the value of v a little lai^er than the original 
formula, but the difference is immaterial. For measures in 
English feet it becomes 

88-61 (r» - -03) 
(82.) v = jY\i ^ TTT r - -84 (»^ - -03). 

(-) - hyp. log. ( - + 1-6 ) 
The results of equation (81) are calculated for different 
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values of « and r, and tabulated in Table VIII., the first 
eight pages of which contain the velocities for values of r 

varying from jsth inch to 6 inches ; or if pipes^ diameters from 
\ inch to 2 feet^ and of various inclinations from horizontal 
to vertical. The five last pages contain the velocities for 
values of r from 6 inches to 12 feet, and with falls from 
6 inches to 12 feet per mile. 

Example VIII. — A pipcy IJ inch diameter and \QQfeet 
longy has a constant head of 2 feet over the discharging ex- 
tremity; what is the velocity of discharge per second ? 

The mean radius r =:-j =- inches, and —- = 60 = -, is 

4 o J* s 

the approximate hydraulic inclination. At page 2 of Table 
VIIL, in the column under the mean radius -, and opposite to 

the inclination 1 in 60, we find 30*69 inches for the velocity 
sought. This, however, is but approximative, as the head 
due to the velocity should be subtracted from the whole head 
of 2 feet, before finding the true hydraulic inclination. This 
head depends on the coefiicient of resistance at the entrance 
orifice, or the coefficient of dischai^e for a short tube. In 
all Du Bu&t's experiments this latter was taken at *8126, but 
it will depend on the nature of the junction, as, if the tube 
runs into the cistern, it will become as small as *7 16 ; and, if the 
junction be rounded into the form of the contracted vein, it will 
rise '974, or 1 nearly. In this case, the coefficient of discharge 
may be assumed *816''^, from which, in Table II., we find the 

head due to a velocity of 30*69 inches to be 1 « = 1'87 inch 

nearly, which is the value of h; and hence, h — A = A, = 24 

- 1*87 = •2213 inches; and i. = Mill? -54-2 = 1 the 

hf 2213 * 

hydraulic inclination more correctly. With this new in- 

clination and the mean radius — , we find the velocity by 

interpolating between the inclinations 1 in 60 and 1 in 60, 
given in the Table to be 30*69 — 1*34 = 29*36 inches per 

* See Example 16, pp. 10. 12. 
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second. This operation may be repeated until v is found to 
any degree of accuracy according to the formula; but it is, 
practically, unnecessary to do so. If we now wish to find 
the discharge per minute in cubic feet, we can easily do so 
from Table IX., in which for an inch and a half pipe we get 

Inches. Cubic feet. 

For a yelocity of 20*00 per second, 1*22718 per minute. 

9*00 „ „ -56223 „ „ 

„ „ '30 „ „ *01841 „ „ 

„ „ *04 „ „ *0024o „ „ 



„ 29*34 „ „ 1*80027 „ „ 

The discharge found experimentally by Mr. Provis, for a 
tube of the same length, bore, and head, was 1*746 cubic foot 
per minute. 

If we suppose the coefficient of discharge due to the 
orifice of entry and stop-cock in Mr. Provisos 208 experi- 
ments* with IJ inch lead pipes of 20, 40, 60, 80, and 
100 feet lengths, to be '715, the results calculated by the 
tables will agree with the experimental results with very 
great accuracy, and it is very probable from the circum- 
stances described, that the ordinary coefficient •816 due to 
the entry was reduced by the circumstances of the stop- 
cock and fixing to about "716; but even with '816 for the 
coefficient, the diffisrence between calculation and experiment 
is not much, the calculation being then in excess in every 
experiment, the average being about 6 per cent., and not so 
much in the example we have given. 

Table VIII. will give the velocity, and thence the discharge 
immediately, for long pipes, and Table X. enables us to cal- 
culate the cubic feet discharged per minute, with great facility. 
For river?, the mean velocity, and thence the discharge, is also 
found with quickness. See also Tables XL, XII., and XIII. 

Example IX. — A watercourse is 7 feet wide at the 
bottoniy the length of each sloping side is 6*8Jeet, the width 
at the surface is 18 feet j the depth ^feet^ and the inclina- 

* Proceedings of the Institution of Civil Engineers, pp. 201, 210, 
vol. ii. 
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tion of the surface 4 inches in a mile ; what is the quantity 
flowing down 'per minute f 

^^'^ 7+2x6-8 = ^ = 2'^^^^ ^^* = ^^'^^^ "^^''^ 

= r, is the hydraulic mean depth; and as the fall is 4 inches 
per mile, we find at the 11th page of Table VIIL, the ve- 
locity V = 12*03 — '16 = 11*87 inches per second; the dis- 
charge in cubic feet per minute is, therefore, 

50 X m^ X 60 = 2967*5. 

Watt, in a canal of the fall and dimensions here given, 
found the mean velocity about 13J inches per second. This 
corresponds to a fall of 5 inches in the mile, according to 
the formula. 

In one of the original experiments with which the formula 
was tested on the canal of Jard, the measurements accorded 

very nearly with those in this example, viz. - = 15360, and 

s 

r zz 29' 1 French inches ; the observed velocity at the surface 

was 15*74, and the calculated mean velocity from the formula 

11*61 French inches*. Table VII. will give 12*29 inches for 

the mean velocity, corresponding to a superficial velocity of 

15*74 inches. This shews that the formula also gives too 

small a value for v in this case, by about -^th of the result, 

it being about — part in the other. The probable error 

in the formula applied to straight clear rivers of about 
2 feet 6 inches hydraulic mean depth is nearly i^ih or 8 per 
cent, of the tabulated velocity, and this must be added for the 
more correct result; the watercourse being supposed nearly 
straight and free from aquatic plants. 

Notwithstanding the differences above remarked on, we 
are of opinion that the results of this formula, which we 

* These measures reduced to English inches, give r^ 31*014, 
V =r 12-374 ; and the surface velocity 16*776 inches ; reduced for mean 
velocity 13*101 inches. 
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have calculated and tabulated, may be more safely relied 
OD as applied to general practical purposes than most of 
those others which we shall proceed to lay before our readers. 
Rivers or watercourses are seldom straight or clear from 
weeds, and even if the sections, during any improvements, 
be made uniform, they will seldom continue so, as *^the 
regimen,'* or adaptation of the velocity to the tenacity of 
the banks, must vary with the soil and bends of the channel, 
and can seldom continue permanent for any length of time 
unless protected. From these causes a loss of velocity takes 
place, difficult, if not impossible, to estimate accurately, but 
which may be taken at from 10 to 15 per cent, of that in the 
clear unobstructed direct channel; but, be this as it may, it is 
safer to calculate ike d/rainage ormechanical results obtainable 
from a given fall and river channel, from formulte which give 
lesser, than from those which give larger velocities. This is 
a principle engineers cannot too much observe. 

We have before remarked, that for both pipes and rivers 
the coefficient of resistance increases as the velocity de- 
creases. This is as much as to say, in the simple formula for 

the velocity, t; r= m 's/rs, that m must increase with v, and as 
some function of it. This is the case in Table VIII., through- 
out which the velocities increase faster than \/r, the s/s, or 

the y/rs. In all formulae with which we are acquainted but 
Du Bu&t's and Young's, the velocity found is constant when 

\/rs or r X s is constant. In Du Buat's formula for r x s 
constant, v obtains maximum values between r = f inch 
and r = 1 inch ; the differences of the velocities for different 
values of r above 1 inch, r x s being constant, are not much. 
We may always find the maximum value, or nearly so, by as- 
suming r = f inch, and finding the corresponding inclination 

^rs 
from the formula -— -, which is equal to it. For example, 

3 
if r = 12 inches, and s = jQggQjthe velocity is found equal 
9*52 inches; but when rs is constant, the inclination s cor- 

4 X 12" 1 

responding to r = | inch is ^ ^ ^^^^ = — , from which 
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we find from the table v = 10*25 inches for the maximum 
velocity, making a difierence of fully 7 per cent. 

When r = '01 of an inch, or a pipe is -^ih part of an 
inch in diameter, Da Buat's formula fails, but it gives 
correct results for pipes |^th of an inch in diameter, and 
two of the experiments from which it was derived were 
made with pipes 12 inches long and only i^th part of an 
inch in diameter. 

Coulomb having shown that the resistance opposed to a 
disc revolving in water increases as the function av + bv* o{ 
the velocity v, we may assume that the height due to the 
resistance of friction in pipes and rivers is also of this form; 
and that 

(83.) A,= (at7 + 6v')-, 

r 

and, consequently, 

(84.) rs:^ av -{- hv^, 

GiRARD first gave values to the coefficients a and b. He 
assumed them equal, and each equal to *0003104 for mea- 
sures in metres, and thence the velocity in canals, 

(86.) V = (3221-016r« + -26)* - -5;* 

which reduced for measures in English feet becomes 

(86.) V = (10667-8 rs + 2-67)* - 1-64. 

The value of a = i = "0003104 was obtained by means of 
twelve experiments by Du Buat and Chezy. Of course the 
value is four times this in the original, as we use the mean 
radius in all the formulae instead of the diameter. This 
formula is only suited for very small velocities in canals 
containing aquatic plants, and the velocity must be increased 
by '7 foot per second for clear channels. 

Prony found from thirty experiments on canals, that 
a = -000044460 and b = -0003093 14,t for measures in metres, 
from which we find 

(87.) V = (3232-96r« + -00616)* - -0719,- 

* See Brewster's Encyclopedia, Article Hydrodynamics, p. 529. 
t Recherches Physico-Mathematiques sur la Throne des Eaux 
Oourantes. 
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this reduced for measures in English feet is, 

(88.) V = (10607-02r« + -0556)^ - -236;* 

the velocities did not exceed 3 feet per second in the ex- 
periments from which this was derived. 

For pipes, Prony found,f from fifty-one experiments made 
by Du Buat, Bossut, and Couplet, with pipes from 1 to 
5 inches diameter, from 30 to 17,000 feet in length, and one 
pipe 19 inches diameter and nearly 4000 feet long, that 
a = -00001733, and b = -0003483, from which values 

(89.) V = (2871-09 r* + -0006192)* - -0249, 

for measures in metres, and for measures in English feet, 

(90.) V = (9419-75 rs + -00665)* — -0816. 

Prony also gives the following formula applicable to pipes 
and rivers. It is derived from fifty-one selected experiments 
with pipes, and thirty-one with open channels : 

(91.) V = (3041-47 rs + -0022065)* - -0469734, J 

for measures in metres, which, reduced for measures in 
English feet, is 

(92.) V = (9978-76^5 + -02375)* - -15412. 

Eytelwein, following the method of investigation pursued 
previously by Prony, found from a large number of experi- 
ments, a = -0000242651, and b = -000365543 in rivers, for 
measures in metres; and, therefore, 

* For canals containing aquatic plants, reeds, &c., we must sub- 

stitute — for r. See note, p. 102. 
1-7 '^ 

t Recherches Physico-Math6matiques sur la Th6orie du Mouvement 
des Eaux Oourantes, 1804. 

Z Recherches Physico-Mathematiques sur la Th^orie des Eaux Cou- 
rantes. A reduction of this formula into English feet is given at 
page 6, Article Hydrodynamics, Encyclopedia Britannica ; at page 164, 
Third Report, British Association, by Rennie; and at pages 427 and 
533, Article Hydrodynamics, Brewster's Encyclopedia. This reduction, 

i;=— 0-1541 + (-02375 4- 32806-6 r«)* is entirely incorrect; and, being 
the same in each of those works, appears to have been copied one 
from the other. 
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(93.) V = (2735-66 rs + -001102)* - -0332. * 

This reduced for measures in English feet, is 

(94.) V = (8976-43 rs + -01 18858)* - -1089. 

He also shows, f that ^ths of a mean proportional between 
the fall in two English miles and the hydraulic mean depth, 
gives the mean velocity very nearly. This rule for measures 
in inches is equivalent to 

(95.) t; = 324v/^; 

and for measures in feet 

(96.) V = 93-4 v/;7. 

For the velocity of water in pipes, he found,J from the fifty- 
one experiments of Du BuS.t, Bossut, and Couplet, that 
a = -0000223, and h = -0002803, from which we get for 
measures in metres, 

(97.) V =: (3667-29 rs + -00167)* - -0397 ; 

which reduced for measures in English feet becomes 

(98.) V zz (1 1703-96 r* + -01698)* - -1303. 

Another formula given by Eytelwein for pipes, which in- 
cludes the head due to the velocity for the orifice of entry, is 

in which h is the head, I the length, and d the diameter 
of the pipe, all expressed in English feet. It must be here 
mentioned, that much of the valuable information presented 
by Eytelwein is but a modification of what Du Buat had pre- 
viously given, and to whom for much that is attributed to the 
former we are primarily indebted. 

Dr. Thomas Young § also derives his formula from the 
supposition, that the head due to the resistance of friction 

* M^moires de TAcademie de Berlin^ 1814 ei 1815. See Equation (110). 
t Handbuch der Meclianik und der Hydraulik, Berlin, 1801. 
X Memoires de FAcademie des Sciences de Berlin, 1814 et 1815. 
§ Philosophical Transactions for 1808. 
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assumes the form of equation (83) ; calling the diameter of 
a pipe dy he takes 

A, = (av + fttr)—, 

a 

and the whole height h =: /^f + — > expressed in inches. 

He found from some experiments of his own, those collected 
by Du Buat, and some of Gerstner's, that 

(100.) a = -0000002 |-^22^ 

and 

(101.) J = -0000001 J413 + — - -ifl^ 1?2_| ; 

\ d d + 12-8 d + -366)' 



then as — = -00171, we get 
(102.) i;= {r—-^"^ 



00171 rf 



\2bl + -00341rf/ ) 



2bl + -00341 rf/ ) 2bl + -00341 rf 

When the length / of the pipe is very great compared with 
the head due to the orifice of entrance and velocity, -00171 v% 
we have 

(103.) v=i{^ + ^Y-±} 

' \bl U*> 2b' 

XT 

or by substituting for — its value *, equal the sine of the 
inclination, 

,(104.) v=z\ti + ^y^±. 

I 6 4J'J 26 

The values of a and b are for measures in inches. For 
most rivers, in which d must be taken equal 4r, he finds for 

French inch measures, t; =: y^ 20000 cj{«; this reduced for 
English inches is 

I 2 
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(105.) V = 292 y/iT; 

which again reduced for feet measures, becomes 

(106.) V = 84-3 y/rs. 

These latter values, for rivers, are even smaller than those 
found from Du Buat's formula; less than the observed ve- 
locities, and less than those found from any other formula, 
with the exception of Girard's. The values of the coeffi- 
cients a and b vary in this formula with the value of rf= 4r; 
they are expressed generally in equations (101) and (102), 
from which we have calculated the following Table for 
diflFerent values of d and r. 

An examination of this Table will show that a obtains a 
minimum value when d is between 10 and 11 inches; and 
b when the diameter is between J and | of an inch. Now, it 

appears from equation (102), that v increases with a/— _ 

^ bl 

nearly, or, which is the same thing, as b decreases, there 

must, caieris paribus, be a maximum value of v for a 

given value of — , or rs, when d is between ^ and | 

inch ; but as — has a minimum value when d is nearly 

2b ^ 

12 inches, the maximum value of v referred to will be found 

between values of d from J inch to 12 inches; in fact, when 

rf= 10 inches nearly. We have already pointed out a similar 

peculiarity in Du Bust's general theorem, at page 111. It 

will not be necessary to take out the values of — and -^ 

to more than one place of decimals. 

The values of — are also given in the following Table, and 

may be used in equation (104) for finding the discharge from 
long pipes. It is, however, necessary to remark, that this 
equation is sometimes misapplied in finding the velocity from 
short pipes, and those of moderate lengths. It is necessary 
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to use equation (102), which takes into consideration the 
head due to the velocity and orifice of entry for such pipes. 

Sir John Leslie states,'"' that the mean velocity of a 
river in miles per hour, is -^ths of the mean proportional 
between the hydraulic mean depth and the fall per mile, 
in feet. This rule is equivalent for measures in feet, to 

(107.) « = 100 s/W\ 

and IS most applicable to very large rivers and velocities. 

D'AuBuissoN, from an examination of the results obtained 
by Prony and Eytelwein, assumesf for measures in metres 
that a = -0000189, and h = -0003426 for pipes substituting 
these in equation (84) and resolving the quadratic 

(108.) t> = (2919-71 r * + -00074)* - -027 ; 

which reduced for measures in English feet becomes 

(109.) V = (9579 r « + -00813)* - -0902. 

For rivers he assumes with Eytelwein,J a = -000024123, 
and h = -0003666, for measures in metres, and hence 

(110.) V = (2736-^ r « + -001 1)* - -033 ; 

which for measures in English feet is 

(111.) t; = (8976-6 r« + -012)* - -109. 

When the velocity exceeds two i^^t per second, he assumes, 
from the experiments of Couplet, a = 0, and b = -00036876; 
these values give 

(112.) V = v/2787-46r*; 

for measures in metres, and 

(113.) t; = 96-6 s/~^ = \/9l4677 

for measures in English feet. Equations (110) and (111) 
are the same as (93) and (94), found from Eytelwein's 
values of a and 6, and it may be remarked that D'Aubuis- 
son's equations for the velocity generally are but simple 
modifications of Prony's and Eytelwein's. 

♦ Natural Philosophy, p. 423. 

t Traits d*Hydraulique, p. 224. 

X Traits d'Hjdraulique, p. 133. See Equation (93). 
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The values which we have found to agree best with ex- 
periments on clear straight rivers are a = •0000036, and 
5= '0001 160 for measures in English feet, from which we 

(1 14.) V = (8696-6 rs + -00023)* - -0162, 

which for an average velocity of 1 J foot per second will give 

V = 92-3 \/rT nearly, and for large velocities v = 93-3\/r«; 
for smaller velocities than 1^ foot per second, the coefficients 

of s/Vs decrease pretty rapidly. This formula will be found 
to agree more accurately with observation and experiment 
than any other we know of. It is useful to remark in the 
preceding formulce^ that the second term and decimals 
both under the vinculum may he entirely neglected without 
error. 

Weisbach is perhaps the only writer who has modified the 
form of the equation r«=:a» + itr*. In Dr. Young's for- 
mula, a and b vary with r, but Weisbach assumes that 

Af=:(o+— .)- X — , and finds from the fifty-one experi- 
\ t;*/ a 2g 

mentsof Couplet, Bossut and Du Bu&t, before referred to, one 

experiment by Guemard, and eleven by himself, all with pipes 

varying from an inch to five and a half inches in diameter, 

and with velocities varying from IJ inch to 15 feet per 

second, that a zz -01439, and J = -0094711 for measures in 

metres ; hence we have for the metrical standard 

/nf:x i; f ni/iQQ ^ "0094711 \ / ^ v" 

(116.) A,=:^.01439-__^)-x-. 

This reduced for the mean radius r is 

(116.) A, = (-003597 + -0223678 W^*« 

\ vi / r 2g 

from which we find for measures in English feet 

(117.) A, = (-003697 + 12242887 W^^^ 

\ vh / r 2g 
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and thence 

(118.) »•« = (-003697 



-0042887 \ ^ 



and by substituting for 2g, its value 64-403, 
(119.) r «=( -00006686 + 



00006669 \ , 



vi 



r- 



In equation (117), (-003597 



•0042887 \ _ 



t;i 



J = c?f is the co- 



efficient of the head due to friction. The equation does not 
admit of a direct solution, but the coefficient should be first 
determined for different values of the velocity v and tabu- 
lated, after which the true value of t? can be determined by 
finding an approximate value and thence taking out the cor- 
responding coefficient from the table, which does not vary to 
any considerable extent for small changes of velocity. In the 
following small table we have calculated the coefficients of 
friction, and also those of tr^, in equation (119), for different 
values of the velocity v, 

TABLE or THB OOSFFICIENTS OF FRIOTION IN PIPES. 



Velocity 
in feet. 


't 


64-4 


velocity 
in feet. 


'f 


64*4 


•0 


Infinity. 


Infinity. 


1-76 


•006839 


•0001062 


•1 


•017159 


•0002664 


2 


•006629 


•0001029 


*2 


•013186 


•0002047 


2^6 


•006309 


•0000979 


*8 


•011427 


•0001774 


3 


•006073 


•0000943 


•4 


•010378 


•0001611 


86 


•006890 


•0000914 


'5 


^009662 


•0001600 


4 


•006741 


•0000891 


•6 


•009133 


•0001418 


6 


•006614 


•0000866 


7 


•008723 


•0001364 


6 


•006348 


.0000830 


•8 


•008391 


•0001303 


7 


•005218 


•0000810 


•9 


•008117 


•0001260 


8 


•006113 


•0000794 


1-0 


^007886 


•0001224 


10 


•004968 


•0000769 


1-25 


•007433 


•0001164 


16 


•004669 


•0000725 


1-6 


•007098 


•0001102 


20 


'004566 


•0000707 
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If the reciprocal of TrAt here found, be substituted in the 

o4'4 

/64^4 

equation v =: A/ rs, we shall have the value of v, Ac- 

V Cf 

cording to this table the coefficient of friction for a velocity 
of seven inches is more than twice that for a velocity of 
twenty feet. On comparing these coefficients and those for 
pipes in the preceding formulae, with those for rivers of the 
same hydraulic depth, we perceive that the loss from friction 
is greatest in the latter, as might have been anticipated. 

COEFFICIENTS DUE TO THE ORIFICE OF ENTRY. — PROBLEMS. 

Unless where otherwise expressed, the head due to the 
velocity and orifice of entry is not considered in the pre- 
ceding equations. In equation (74), where it is taken into 

2^H 



calculation generally, v zz 



1 + c, + c, X - 

T 



in which 1+c, 



is equal to f — j , c, being the coefficient of resistance due to 

the orifice of entry, and Cy the coefficient of velocity or dis- 
charge from a short tube. If the tube project into the re- 
servoir, and be of small thickness, c^ will be equal '716 nearly, 
and therefore c, = 'OSG ; if the tube be square at the junction, 
the mean value of Cy will be '814, and therefore c, = "SOS; 
and if the junction be rounded in the form of the contracted 
vein, Cy is equal to unity very nearly, and c, =: 0. For other 
forms of junction the coefficients of discharge and resistance 
will vary between these limits, and particular attention must 
be paid to their values in finding the discharge from shorter 
tubes and those of moderate lengths, but in very long tubes 

1 + c, becomes very small compared with Cf x — , and may 

be neglected without practical error. These remarks are ne- 
cessary to prevent the misapplication of the tables and for- 
mulae, as the height due to the velocity and orifice of entry 
is an important element in short tubes. 
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We have considered it unnecessary to give any formulae for 
finding the discharge itself, because, the mean velocity once 
determined, the calculation of the discharge from the area of 
the section is one of simple mensuration ; and the introduc- 
tion of this element into the three problems to which this 
portion of hydraulic engineering applies itself, renders the 
equations of solution complex, though easily derived; and 
presents them with an appearance of difficulty and want of 
simplicity which excludes them, nearly altogether, from prac- 
tical application. The three problems are as follows : — 

I. Given the fall^ lengthy and diameter of a pipe or hy- 
draulic mean depth of any channel^ tojind the discharge. 

Here all that is necessary is to find the mean velocity of 
discharge, which, multiplied by the area of the section (equal 
d? X '7854 in a cylindrical pipe), gives the discharge sought. 
Table VIII. gives the velocity at once for long channels. 
Table IX. gives the discharge in cubic feet per minute for 
different diameters of pipes, and velocities in inches per 
second, when found from Table VIII. See also Tables 
XL and XII. 

II. Given the discharge^ and cross section of a channelj 
to find the fall or hydraulic inclination. 

If the cross section be circular, as in most pipes, the hy- 
draulic mean depth is one-fourth of the diameter ; in other 
channels it is found by dividing the water and channel line of 
the section, wetted perimeter, or border, into the area. The 
velocity is found by dividing the area into the discharge, and 
reducing it to inches per second ; then in Table VIII., under 
the hydraulic mean depth, find the velocity, corresponding to 
which the fall per mile will be found in the first column, and 
the hydraulic inclination in the second. 

III. Given the discharge^ lengthy and fall^ to find the 
diameter of a pipe, or hydraulic mean depth and dimensions 
of a channel. 

This is the most useful problem of the three. Assume any 
mean radius r, and find the discharge d. by Problem I. 
We shall then have for cylindrical pipes 
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4 4 1 ^ 

r J : r'^ : : D. : D : : 1 : — ; 

and as ra, d, and d^ are known, r* becomes also known, 
and thence r. Table XIII. will enable us to find r with 
great facility. Thus, if we had assumed r^zzl and found 
Da= 15, D being 33, we then have 

1 :r^::l :^::1 : 2*2, therefore r^ = 2-2: 

and thence by Table XIII., r = 1*37, the mean radius 
required, four times which is the diameter of the pipe. For 
other channels, the quantity thus found must be the hydraulic 
mean depth ; and all channels, however varied in the cross 
section, will have the same velocity of discharge when the 
fall, length, and hydraulic mean depth are constant. 

In order to find the dimensions of any polygonal channel 
whatever, which will give a discharge equal to d, we may 
assume any channel similar to that proposed, one of whose 
known sides is 5^, and find the corresponding discharge, d^, 
by Problem I., or from Tables XI. and XII.; then, if we 
call the like side of the required channel, s, we shall have 

8 = «a f — )^> ^^^ thence the numerical value from Table 

XIII. 

As it frequently happens that a deposit in, and encrusta- 
tion of, a pipe takes place from the water passing through 
it, which diminishes the section considerably from time to 
time, it is always prudent, when calculating the necessary 
diameter, to take the largest coefficient of friction, Cf, or to 
increase its mean value by perhaps one half, when calculating 
the diameter from the formulae. Some engineers, as D'Au- 
buisson, increase the quantity of water by one half to find 
the diameter; but much must depend on the pecuHar cir« 
cumstances of each case, as sometimes less may be sufficient, 
or more necessary. The discharge increases in similar 

figures, as r^ or as d^, and the corresponding increase in the 
diameter for any given or allowed increase in the discharge 
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can be easily found by means of Table XIIL, as shown 
above. If we increase the dimensions by one-sixth, the dis- 
charge will be increased by one-half nearly. 

For shorter pipes, we have to take into consideration the 
head due to the velocity and orifice of entry. Taking the 
mean coefficient of velocity or discharge, we find, from 
Table II., the head due to the velocity, if it be known; 
this subtracted from the whole head, h, leaves the head, Af, 
due to the hydraulic inclination, which is that we must make 
use of in the table. If the velocity be not given, we can 
find it approximately ; the head found for this velocity, due 
to the orifice of entry, when deducted, as before, will give a 
close value of Af, from which the velocity may be determined 
with greater accuracy, and so on to any degree of ap- 
proximation. In general, one approximation to hf will be 
sufficient, unless the pipes be very short, in which case it is 
best to use equation (74). Example VIII., page 108, and 
the explanation of the use of the tables. Section I., may 
be usefully referred to. 

Tables XL, XII., and XIII. enable us to solve with 
considerable facility all questions connected with discharge, 
dimensions of channel, and the ordinary surface inclinations 
of rivers. The discharge corresponding to any intermediate 
channels or falls to those given in Tables XI. or XII., will 
be found with abundant accuracy, by inspection and simple 
interpolation ; and in the same manner the channels from the 
discharges. Rivers have seldom greater falls than those 
given in Table XII., but in such an event we have only to 
divide the fall by 4, then twice the corresponding discharge 
will be that required. Table XIII. gives the comparative 
discharging powers of all similar channels, whether pipes or 
rivers, and the comparative dimensions from the discharges. 
We perceive from it, that an increase of one-third in the 
dimensions doubles, and a decrease of one-fourth reduces 
the discharge to one-half. By means of this table, we can 
determine by a simple proportion, the dimensions of any 
given form of channel when the discharge is known. See 
Example 17, page 12. 
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The mean widths in Tables XI. and XII. are calculated 
for rectangular channels, and those having side slopes of 
1-|- to 1. Both these tables are, however, practically, equally 
applicable to any side slopes from to 1 up to 2 to 1, 
or even higher, when the mean widths are taken and not 
those at top or bottom. A semihexagon of ail trapezoidal 
channels of equal area has the greatest discharging power, 
and the semisquare and all rectangles exactly the same as 
channels of equal areas and depths with side slopes of 
1^ to 1. The maximum discharge is obtained between these 
for the semihexagon with side slopes, of nearly J to 1, but for 
equal areas and depths the discharge decreases afterwards as 
the slope flattens. The question of "how much?" is here, 
however, a very important one; for, as we have already 
pointed out in equations (28) and (31), the differences for 
any practical purposes may be immaterial. This is par- 
ticularly so in the case of channels with different side slopes, 
if, instead of the top or bottom, we make use of the mean 
width to calculate from. We then have only to subtract the 
ratio of the slope multiplied by the depth to find the bottom, 
and add it to find the top. If the mean width be 60 feet, the 
depth 6 feet, and the side slopes 2 to 1, we get 60 — . (2 x 6) 
= 40 for the bottom, and 50 + (2 x 5) = 60 for the top width. 

Side slopes of 2 to 1 present a greater difference from the 
mean slope of IJ to 1, than any others in general practice 
when new cuts are to be made. A triangular channel 
having slopes of 2 to 1, and bottom equal to zero, differs 
more in its discharging power from the half square, equal to 
it in depth and area, than if the bottom in each was equally 
increased, yet even here it is easy to show that this maximum 
difierence is only 6^ per cent. If the bottom be increased 
so as to equal the depth, it is only 4^ per cent.; when equal to 
twice the depth, 3*8 per cent. ; and when equal to four times 
the depth, to 2 per cent.; while the differences in the di- 
mensions taken in the same order are only 2*2, 1*8, 1-6, and 
0*8 per cent. For greater bottoms in proportion to the depth 
the differences become of no comparative value. It there- 
fore appears pretty evident, that Tables XI. and XII. will 
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be found equally applicable to all side slopes from ^o 1 
up to 2 to \y by taking the mean tvidths. When new cuts 
are to be made^ we see no reason whatever in starting from 
bottom ratlier than mean widths^ to calculate the other 
dimensions; indeed, the necessary extra tables and calcu- 
lations involved ought entirely to preclude us from doing so. 
Besides, the formulas for finding the discharge vary in them- 
selves, and for different velocities the coefficient of friction 
also varies.* Added to which the inequalities in every 
river channel, caused by bends and unequal regimen, pre- 
cludes altogether any regularity in the working slopes and 
bottom, though the mean width would continue pretty uniform 
under all circumstances. 

The quantities in Table XII. are calculated, from the 
velocities found from Table V III., to correspond to a channel 
70 feet wide and of different depths, the equivalents to which 
are given in Table XI. In order to apply these tables 
generally to all open channels, the latter are to be reduced to 
rectangular ones of the same depth and mean width, or the 
reverse, as already pointed out. If the dimensions of the 
given channel be not within the limits of Table XL, divide 
the dimensions of the larger channels by 4, and multiply the 
corresponding discharge found in Table XII. by 32; for 
smaller channels, multiply the dimensions by 4 and divide 
by 32. In like manner, if the discharge be given and ex- 
ceed any to be found in Table XIII., divide by 32, and 
multiply the dimensions of the suitable equivalent channel 
found in Table XI. by 4. If we wish to find equivalent 
channels of less widths than 10 feet for small discharges, 
multiply the discharge by 32 and divide the dimensions of 
the corresponding equivalent by 4. Many other multipliers 

* The coefficients of friction in riyers for velocities from 3 inches to 
3 feet per second, yaries from about 0082 to '0075 ; yet, strange to say, 
most tables are calculated from one coefficient alone; or, rather, from 

a formula equivalent to 94*17 (r»)*, which gives larger results than 
either, see p. 14. Dimensions of channels calculated by means of this 
formula are too small. In pipes the variation of the coefficients is 
sbown in the small table, p. 120. 
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and divisors as i^ell as 4 and 32 may be found from Table 
XIIL, such as 3 and 16-6, 6 and 88*2, 7 and 130, 9 and 243, 
10 and 316, 12 and 499, &c. The differences indicated at 
pages 111 and 112, must be expected in the application of 
these rules, which will give, however, dimensions for new 
channels which can be depended on for doing duty. 

It will be seen from Table XIII. that a very small 
increase in the dimensions increases the discharging power 
very considerably. Table XII. also shows that a small 
increase in the depth alone adds very much to the discharge. 
If we express in this latter case a small increase in the depth, 

rf, by -, then it is easy to prove that the corresponding 
fi 

increase in the velocity, v, will be p-— ; and that in the 

2fi 
o *^ 

discharge d, ^r— , if the surface inclination continue un- 

2 ft 

changed; but as it is always observable in rivers that the 

surface inclinations increase with floods, the differences in 

practice will be found greater than these expressions make it. 

As in large rivers the surface inclinations are very small, four 

times the amount will add very little to the sectional areas, 

yet this increase will double fully the discharge, and we 

thence perceive how rivers may be absorbed into others 

without any great increase of the depths. 



SECTION IX. 

best forms of the channel. — REGIMEN. 

We have seen above, that the determination of the hy- 
draulic mean depth does not necessarily determine the section 
of the channel. If the form be a circle, the diameter is 
four times the mean radius ; but, though this form be almost 
always adopted for pipes, the beds of rivers take almost 
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every curvilineal and trapezoidal shape. Other things being 
the same, that form of a river channel, in which the area 
divided by the border is a maximum, is the best. This is 
a semicircle having the diameter for the surface line, and 
in the same manner, half 
the regular figures, an oc- 
tagon, hexagon, and square, 
in Fig. 33, are better forms 
for the channel, the areas 
being constant, than any 
others of the same number 
of sides. Of aJl rectangular 
channels. Diagram 4, in which abcd is half a square, is 
the best cross section; and in Diagram 3, acdb, half a 
hexagon, is the best trapezoidal form of cross section. 
When the width of the bottom, cd, Diagram 3, is given, 

4 Q 

and the slope — =: n, then, in order that the discharge 

c a 

may be the greatest possible, we must have 




ca = •{ - — r — r > , and 

l2(»*+ l)*-nr 



CD = — — n X ca 
ca 



= t[2(n»+l)>-»]xc}>-«{ ^^ A>-J > 

in which c is the given area of the channel. As, however, we 
have never known a river in which the slope of the natural 
banks continued uniform, even though made so for any im- 
provements, we consider it almost unnecessary to give tables 
for different values of ». If, notwithstanding, we put p for 
the inclination of the slope ao, equal angle CAa, we shall 

find, as cot. ^ = n, and \/n* + 1 = -: , that the foregoing 



sm. ^ 



equations become 

/inA\ f csin. © 1* 
(120.) ca = ^- 1—^ = 

12 — COS. 0J 



CD 



<pj 2 {(n^ + 1)* - n} ' 
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and 

(121.) CD = -5 ca X cot. p, 

oa 

which will give the best dimensions for the channel when the 
angle of the slope for the banks is known. 

When the discharge from a channel of a given area, with 
given side slopes, is a maximum, it is easy to show that 

THE HYDRAULIC MEAN DEPTH MUST BE HALF OF THE CENTRAL 

OR GREATEST DEPTH. This simple principle enables us to con- 
struct the best form of channel with great facility. Describe 
any circle on the dratmng-hoard; draw the diameter and 
produce it on both sides, outside the circle; draw a tangent 
to the lower circumference parallel to thi^ diameter, and draw 
the side slopes at the given inclinations, touching the circum- 
ference also on each side and terminating on the parallel 
lines: the trapezoid thus formed ttnll be the best form of 
cliannel, and the width at the surface will be equal to the 
sum of the two side slopes. It is easy to perceive that this 
construction may be, simply, extended for finding the best 
form of a channel having any polygonal border whatever of 
more sides than three and of given inclinations. 

Commencing with the best form of channel, which in prac- 
tice will have the mean width, about double the depth, an 
equal discharging section of double the width of the first will 
have the contents one-eleventh greater, and the depth less in 
the proportion of 1 to 1'86. A channel of double the mean 
width of the second must have the sectional area further in- 
creased by about one-fifth, and a further decrease in the depth 
from 1*67 to 1 nearly. The greater expense of the excava- 
tion at greater depths will, in general, more than counter- 
balance these diflPerences in the contents of the channel. 
When the banks rise above the flood line, and are unequal in 
their section, the wider channel involves further upper extra 
cutting, but there is greater capacity to discharge extra and 
extraordinary flooding, the banks are less liable to slip or 
give way, the slopes may be less, and the velocity being also 
less, the regimen will, in general, be better preserved. 
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When the sectional area is given, the above table shows 
that the semicircle is the best discharging channel, and the 
complete circle the worst; the latter is so, however, only 
compared with the open channels given in the table, it being 
the very best form for an enclosed channel flowing full. The 
best form of channel is particularly suited for new cuts in 
Jlaty marshy callow, and fen lands, in which it is also often 
advisable to cut them with a level bed, up from the dis- 
charging point, in order to increase the hydraulic mean 
depth, and consequently the velocity and discharge. 

As the quantity of water coming down a river channel in 
a season varies very considerably, — we have observed it in 
one case to vary from one to thirty, and occasionally in the 
same channel from one to seventy-five, — the proportion of the 
water section to the channel itself must also vary, and those 
relations of the depth, sides, and width to each other, above 
referred to, cease to hold good and be the best under such 
circumstances. If the object be to construct a mill race, 
temporary drain for unwatering a river, or other small chan- 
nel, in which the depth remains nearly constant, channels 
of the form of a half hexagon, diagram 3, Fig. 33, will be, 
perhaps, the best, if the tenacity of the banks permit the 
slope ; but rivers, in which the quantity of water varies con- 
siderably, require wider channels in proportion to the depth ; 
and also, that the velocity be so proportioned to the tenacity 
of the soil, or as it is termed " the regimen,^^ that the banks 
and bed shall not vary from time to time to any injurious 
extent, and that any deposits made during their summer state, 
and during light freshes, shall be carried oflP periodically by 
floods. Another circumstance, also, modifies the effects of 
the water on the banks. It is this, that at curves, and turns, 
the current acts with greatest effect against the bank, con- 
cave to the direc- 
tion in which it is 
moving; deepening 
the channel there ; 
undermining: also the 
bank, as at A, Fig. 
34 ; and raising the 

k2 




132 THE DISCHARGE OF WATER FROM 

bed towards the opposite side b. The reflexion of the cdr- 
rent to the opposite bank from a acts also in a similar man^ 
ner, lower down, upon it; and this natural operation pro- 
ceeds, until the number of turns, increased length of channel, 
and loss of head from reflexion and unequal depths, brings 
the currents into regimen with the bed and banks. At all 
bends it is, therefore, prudent to widen the channel on the 
convex side b. Fig. 34, in order to reduce the velocity of 
approach, and if the bed be here also sunk below its natural, 
inclination, as we see it in most rivers at bends, the velocity 
will be farther reduced, and the permanence of the bed be 
better established. 

The circumstances to be considered in deciding on the 
dimensions and fall of a new river course, after the depth to 
which the surface of the water is to be brought has been 
decided on, are the following: — 

The mean velocity must not be too slow, or aquatic plants 
will grow, and deposits take place, reducing the sectional 
area until a new and smaller channel is formed within the 
first with just sufficient velocity to keep itself clear. This 
velocity should not in general be less than from ten to fourteen 
inches per second. The velocity in a canal or river is increased 
very considerably by cutting or removing reeds and aquatio 
plants growing on the sides or bottom *. 

The mean velocity must not be too quick, and should be 
so determined as to suit the tenacity and resistance of the 
channel, otherwise the bed and banks will change continually^ 
unless artificially protected ; it should not exceed 

* M. Girard a fait observer, avec raison, que les plantes aquatiques, 
qui croissent toujours sur le fond et sur les berges des canaux, augment- 
ent consid6rablement le perim^fcre mouill^, et par suite la r6sistance ; il 
a rapell6 que Dubuat, ayant mesur6 la vitesse de Teau dans le canal du 
Jard, ayant et apr^ la coupe des roseaux dont il ^tait garni, avait irouv^ 
un resultat bien moindre avant qu'aprds. En consequence, il a presque 
double la pente donn^e par le calcul . . .'* — Traits d'Hydraulique, 
p. 135. When the fall does not exceed a few inches per mile, the velocity, 
as determined from the inclination, is very uncertain, and for this reason 
it is always prudent to increase the depths and sectional areas of chan- 
nels in flat lands, as far as the regimen will permit. In such cases the 
section of the channel should approximate towards the best form. See 
p. 130. 
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25 feet per xnioiute in soft alluvial deposits. 

40 „ „ clayey bed?, 

60 „ „ sandy and silty beds. 

120 „ „ gravelly. 

180 „ „ strong gravelly shingle. 

240 „ „ shingly. 

300 „ „ shingly and rocky. 

400 and upwards in rocky and shingly. 

The fall per mile should decrease as the hydraulic mean 
depth increases, and both be so proportioned that floods may 
have sufficient power to carry off the deposits, if any, 
periodically. The proportion of the width to the depth of 
the channel should not be derived, for new cuts or river 
courses, from any formula, but taken from such portions of 
the old channel as approximate in depth and in the inclination 
of the surface to that proposed. When the depth is nearly 
half the width, the formula shows, ceteris paribt^, that the 
discharge will be a maximum ; but as (altogether apart from 
the question of expense) the quantity of water discharged 
daily, at different seasons, may vary from one to seventy, or 
more, and " the regimen'' has to be maintained, the best 
proportion between the width and depth of a new cut 
should be obtained, as we have stated, from some selected 
portion of the old channel, whose general circumstances and 
surface inclination approximate to those of the one proposed ; 
and the side slopes of tlie banks must be such as are best 
suited to the soil. The resistance of the banks to the current 
being in general less than that of the beds, which get covered 
with gravel, and the necessary provision required for floods, 
appears to be the principal reason why rivers are in general 
so very much wider than about twice the depth, the relation 
which gives the minimum of friction. 

For enclosed channels, the circular form of sewer flowing 
full, will have the largest scouring power, at a given hydraulic 
inclination. For the area of the sections being the same, 
the velocity in the circular channel will be a maximum* 
When the supply is intermittent, and the channel too large, 
the egg-shaped form with the smaller end for the bottom,—* 
or the sides vertical with an inverted ridge tile or V bottom 
for drains, — will have a hydrostatic flushing power to remove 
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and discharge be each constant, r must vary inversely as * ; ' 
and r « be also constant. For instance, a channel which has 
a fall of four feet per mile, and a hydraulic mean depth of 
one foot, will have the same discharge as another channel of 
equal area, having a hydraulic mean depth of four feet and 
a fall per mile of only one foot. 
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Values 
of m. 


The widths in feet are given in the top horizontal line, and the corresponding 
depths in feet in the other horizontal lines. 


70 
0-25 


60 

•27 


50 

•30 


40 
•35 


35 


30 


25 


20 


15 


10 


8-7 


•40 


•45 


•52 


•58 


•71 


•98 


24-6 


0-5 


•55 


•62 


•73 


•80 


•89 


1-02 


1^19 


1-48 


2-04 


46-0 


•76 


•82 


•94 


1-10 


1-20 


1^35 


1^56 


1-82 


2-28 


3-22 


69-0 


1-0 


1^10 1-26 


1-48 


1^62 


1-81 


2-10 


2-46 


311 


4-50 


96-9 


1-25 


1-39 1^58 


1-86 


2^04 


2-28 


2-65 


3-12 


3-98 


5-89 


126 


1-5 


1-67 


1-90 


2-24 


2-46 


2-75 


3-20 


3-80 


4-88 


7-31 


158 


1-75 


1-95 


2-22 


2-62 


2-88 


3-23 


3-75 


4-50 


6-80 


8^86 


193 


2-0 


2-23 2-54 


3-00 


3-31 


3-72 


4-32 


5-22 


6-78 


10-50 


267 


2-5 


2-79 3^18 


3-76 


4^16 


4-70 


5-50 


6-68 


8-84 


14-00 


349 


3-0 


3-35 3-84 


4-54 


5^04 


5-72 


6^69 


8-22 


11-08 


17^68 


437 


3-5 


3-91 4-50 


5-33 


5^95 


6-75 


7-93 


9-82 


13^32 


2ar68 


531 


4-0 


4^48 


5-14 


613 


6-85 


7-81 


9-21 


11-48 


15^75 


26-00 


629 


4-5 


5-05 5-79 


6^95 


7-75 


8-90 


10-50 


13-19 


18-22 


80-36 


732 


5-0 


6-62 6-45 


7-75 


8^66 


1000 


11^79 


14-96 


20-80 


35^00 


839 


5-5 


6-18 


7-12 


8-57 


9-62 


11^10 


13-24 


16-77 


23-47 


39-81 


951 


6-0 


6-75 


7-80 


9-40- 


10^60 


12-22 


14-65 


18-65 


26'25 


44-86 



SECTION X. 

EFFECTS OF ENLARGEMENTS AND CONTRACTIONS. — BACK- 
WATER WEIR CASE. — LONG AND SHORT WEIRS. 

When the flowing section in pipes or rivers expands or con- 
tracts suddenly, a loss of head always ensues ; this is pro- 

* This table is enlarged in Table XI., and is as equally applicable to 
all. other measures, inches, yards, fathoms, &c., as to feet. 
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bably expended in forming eddies at the sides^ or in giving 
the water its new section. A side current, moving slowly 
upwards^ may be frequently observed in the wide parts of 
rivers, when the channel is unequal, though the downward 
current, at the centre, be pretty rapid ; and though we may 
assume generally that the velocities are inversely as the sec- 
tions, when the channels are uniform, we cannot properly do 
so where the motions are so uncertain as those referred to. 
When a pipe is contracted by a 
diaphragm at the orifice of entry, 
Fig. 27, we have seen (equation 
60), that the loss of head is. 




(123.) 



h — -^ . 



When the diaphragm is placed in a uniform pipe. Fig. 36, 
then A = c, and we get the loss of head 



(124.) 



A = 



(A_i)V 

~~^9 



and the coefficient of resistance 

(125.) ^,=(-i--iy, 

as in equation (67). The coefficient of discharge c^ is here 
equal to the coefficient of contraction {?c, or very nearly. Now 
we have shown in equation (45), and the remarks following 
it, that the value of the coefficient of discharge, c^ varies ac- 

« A 

cording to the ratio of the sections, — , and in Table V. we 

have calculated the new coefficients for different values of the 
ratios, and different values of the primary coefficient c^. If 
we assume c^ when a is very large compared with a, to be 
•628, we then find by attending to the remarks at pp. 61 and 

62, that the different values of c^ corresponding to '807 x — , 
taken from Table V., are those in columns Nos. 2 and 5 of 
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VABLE OV OOSFFlCnBHTS FOB OONtBAOTlOIT, BT A BlAPHRAOX Iff A KPS. 



a 

A 


^d 


^r 


a 

A 


<^d 


<^r 


•0 


•628 


mfinite 


•6 


•718 


1^790 


*1 


•630 


221^2 


•7 


•763 


•807 


•2 


•636 


47-1 


•8 


•807 


•301 


•3 


•647 


17-2 


•85 


•845 


•164 


•4 


•661 


7-7 


•9 


•890 


•062 


•5 


•683 


3-7 


1 


1-000 


•000 



the above small table, the values of the coeflBicient of resist- 
ance, ia columns 3 and 6, being calculated from equation 
(126) for the respective new values of the coefficient of dis- 
charge thus found. The table shows that when the aperture 
in a diaphragm is -j^ths of the section of the pipe, that 47 
times the head due to the velocity is lost thereby. If the 
aperture in the diaphragm be rounded, the loss will not be so 
great, as the primary coefficient c^ will then be greater than 
that due to an orifice in a thin plate : see coefficients, p. 96. 
When there are a number of diaphragms in a tube, the loss 

a 

of head for each must be found separately, unless the ratio — 

be constant, and all added together for the total loss. If the 
diaphragms, however, approach each other, so that the water 
issuing from one of the orifices a. Fig. 36, shall pass into the 
next before it again takes the velocity due to the diameter of 
the pipe, the loss will not be so great as when the distance is 
sufficient to allow this change to take place. This view is 
fully borne out by the experiments of Eytelwein with tubes 
1*03 inch in diameter, having apertures in the diaphragms 
of *51 inch in diameter. 

Venturi's twenty- fourth experiment, with tubes varying from 
•76 inch to '934 inch in diameter at the junction with the cistern, 
BO as to take the form of the contracted vein, and expanding 
und contracting along the length from *76 to 2 inches and from 
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2 inches to '75 inch alternately, shows the great loss of head 
sustained by successive enlargements and contractions of a 
channel, even when the junction of the parts is gradual. 
Calling the coefficient for the short tube, with a junction 
of nearly the form of the contracted vein, 1, then the following 
coefficients are derivable from the experiment : — 

Short tube with rounded junction 1* 

One enlargement '741 

Three enlargements *569 

Fiye enlargements *454 

Simple tube with a rounded junction of the same 
length, 36 inches, as- the tube with the fiye en- 
larged parts '736 

The head, in the experiment, was 32j- inches. Venturi states 
that no observable differences occurred in the times of dis- 
charge when the enlarged portions were lengthened from 
3^ to 6i inches. 

With reference to this experiment, so often quoted, it is 
necessary to remark that the diameters of the enlarged por- 
tions were 2 inches each, while the lengths varied only from 
3^ to 6^ inches^and consequently were at most only 3^th times 
the diameter. Now with such a large ratio of the width to 
the length of the enlarged 
portions, aABb, Fig. 37, it is 
pretty clear that a good deal 
of the head is lost by the 
impact of the moving water 
on the shoulders a and b. 
That this is so is evident from the fact, stated by the experi- 
menter, of the time of discharge remaining the same when 
a A, in five different enlargements, was increased from 
3^ to 6^ inches; though this must have lengthened the 
whole tube from 36 to 50 inches*, thereby increasing the 
loss from friction proportionately, but which happened to be 
compensated for by the reduction in the resistances from 




* The dimensions throughout this experiment are gi^en as in the 
original, viz. in French inches. 



140 ■• THE DISCHARGE OF WATER FROM 

impact at a and b, and in the eddies, by doubling the lengths 
from a to A. 

If, however, the length from a to a be very large compared 
with the diameter, and the junctions at a, a, b, and d, be well 
grafted, less loss will arise from the enlargement than if the 
smaller diameter continued all along uniform. The explanation 
is clear, as the resistance from friction is inversely as the 
square roots of the mean radii ; and the length being the 
same, the .loss, niu^t be less with a large than a small 
diameter. 

These remarks, mutatis mutandis, apply equally to rivers 
as to pipes. We have already, pp. 72 and 75, pointed out the 
effects of submerged weirs and contracted river channels, and 
given formulae for calculating them. 



BACKWATER FROM CONTRACTIONS IN RIVERS. 

A river may be contracted in width or depth by jetties or 
weirs ; and when the quantity to be discharged is known, we 
have given, in formulsB (9), (,55), and (57), equations from 
which the increase of head may be determined. The eflPect 
of a weir, jetty, or contracted channel of any kind, is to 
increase the depth of water above; and this is sometimes 
necessary for navigation purposes or to obtain a head for 
mill power. When a weir is to rise over the surface, we can 
easily find, from the discharge and length, the discharge per 
minute over each foot of length, with which, and the coefii- 
cient due to the ratio of the sections, on and above the weir, 
found from Table V., we can find the head from Table VI. 
For submerged weirs and contracted widths of channel, the 
head can be best calculated, by approximation, from the 
equations above referred to. 

The head once determined, the extent of the backwater is 
a question of some importance. If food. Fig. 38, be the 
original surface of a river, and a a b f the raised surface by 
backwater from the weir at a, then extent aF of this 
backwater, in a regular channel, will be from 1*5 to 1*9 times 
a c drawn parallel to the horizon to meet the original surface 
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in c. This rule will be found useful for practical purposes ; 
but in order to determine more accurately the rise for a given 
length, Bi Bg or Bj b, of the channel, it is necessary to com- 
mence at the weir and calculate the heights from a to b, b to b^, 
and from b^ to b^ separately, the distance from a to Bg being 
supposed divided into some convenient number of equal 
parts, so that the lengths a B, b b^, &c., may be considered 
free from curvature. Now, as the head a d is known, or may 
be calculated by some of the preceding formulae, the section 
of the channel at the head of the weir also becomes known, 
and thence the mean velocity in it, by means of the discharge 
over the weir. Putting a for the area of the channel at ah, 
d for its depth A h, and v for the mean velocity ; also Ai for 
the area of the channel at b i, di for its depth, and Vi for its 
mean velocity ; 6^ ^he mean border between the sections at 

A H and B I ; rm the mean hydraulic depth ; ^ ^ ^^ the mean 

velocity ;Ad=:A;bo=:Ai; the sine of angle o d £ = « ; and 
the length a b iz d o nearly zzl; we get A x t? =t a^ x t>i and 

r^ = 2 A y ^^^ ^^f ^^ passing from b to a, the velocity 

i^ ^ ^ 
changes from Vi to v, there is a loss of head equal -^ > 

and if Cf be the coefficient of friction, there is a loss of head 



I 
from this cause equal Cf x — x 



m 



change of head in passing 
Cf X — X - 



from B 



t;?-t;' 



-; hence the whole 
to A is equal to 



But this change of head is 



equal to be — ad =: bo +oe— ad = A^ + /*— h, whence 
we get 
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or as Vi = — , and rm = —qT — y we get, by a few reductions 
and change of signs, 



» *2 ^.2 



(A + Aj V \ A -^ Ai V 

and therefore we get 

A* a2 -*»« 

A — Ai 

A — y^x — — "2 — X 



(128.) / = 



Af "2ff 

a^^ X (A + aQ V^ 

8 ■" Cf y\ O »2 X 



2Af ^ 2^ 



from which we can calculate the length I corresponding 
to any assumed change of level between a and b. Then, 
by a simple propoiltion we can find the change of level for 
any smaller length. To find the change of level directly 
from a given length does not admit of a direct solution, for 
the value of A — hi in equation (127) involves Ai, which de- 
pends again on A — Ai, and further reduction leads to an 
equation of a higher order; but the length corresponding 
to a given rise, hi, is found directly by equation (128). 

When the width of the channel, w, is constant, and the 
section equal to to x d nearly, the above equations admit 
of a further reduction for Ai = c^itr and a = dta; by sub- 
stituting these values in equation (127) it becomes, after a 
few reductions, 

(129.) A-A, = rf-rfi 

/ , dxdi «?' \ f . rf* — rff v^ 
= ( « — Q X ftm X ^ X — ) / + -i X -— ; 

\ ' " 2dlu; 2ffJ d^i 2ff' 

or, as it may be further reduced, 

}_ d •\' di v^ 

, ^ rf.«£; 2di 2g 
(130.) A - Ai = ^-T-i S X I. 

d\ 2g 
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NoW; we may take in this equation for all practical purposes, 

d •\' di ^ ftm — ^ 
2di d^w dw 

approximately, h being the border of the section at ah; and 
also, -— — ^ = -, approximately ; therefore, we shall have 

b v^ 

S -^ Cf X X -— 

dw 2<7 

(131.) A - Ai = — : — 2 — :^ ^ 'J 



d 1g 



and 



(A-Ai) X fl- -X —\ 
\ d 2a) 



(132.) /= h v^ 

S — Cf X X 

dw 2ff 

Now, as — = -, 2^ = 64*4, and the mean value of the 
dw r 

coefficient of friction for small velocities Cf = "0078, we 

shall get 



64-4 rf«- -0078-1;' 



(133.) Ai = A - 

and 

(134.) I = 







r 


■xl; 




64-4 rf- 


-2v^ 


(h 


-A,) X 


(64-4 rf- 


-2»») 



64-4 d8 - -0078 - v^ 



r 

very nearly. Having by means of these equations found 
AB from BO or be, and bo from ab, we can in the same 
manner proceed up the channel and calculate b^c, b^ Ci, &c., 
until the points b, b^, b^ in the curve of the backwater shall 
have been determined, and until the last nearly , coincides 
with the original surface of the river. When h^ zz 0, we 
shall have 

64-4 ds - -0078 ^ r* 

r 

^ = 64-4rf-2«;' ^ ^- 
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If we examine equation (134) it appears that when 64*4 d 

d «;* 
= 2f;', / must be equal to zero; or when - = , equal 

<^ Oft TC 

the height due to the velocity t;. When / is infinite, 64*4 d 
must exceed 2v*, and 64*4 d« equal to -0078 - v'; 

T 

or, ^tl!^ = v\ and v = 90*9 ^/r^. 
' -0078 ^ 

This is the velocity due to friction in a channel of the depth 
dj hydraulic mean depth r^ and inclination «; and, as in 

wide rivers r ^=> d nearly, v = 90*9 s/dsj but when the 

numerator was zero we had from it t; =: v/32*2rf; equating 

these values of v, we get s = '0039 = — nearly : see p. 70. 

Now, the larger the fraction s is, the larger will the velocity 
V become ; and the larger v becomes, the more nearly, in 
all practical cases, will the terms 

64-4 rf- 2 1;' and 644 rf«- -0078 -^7^ 

r 

in the numerator and denominator of equation (134), approach 
zero ; when 64*4 rf — 2 1;* becomes zero first, / = ; when 

64*4 ds — '0078 — v^ becomes zero first, / equal infinity ; 

T 

and when they both become zero at the same time, Izzh^hu 

and B = rrg, see p. 70 ; if « be larger than this fraction, the 

numerator in equation (134) will generally become zero before 
the denominator, or negative, in which cases / will also be zero, 
or negative; and the backwater will take the form vo^bffi^baxa. 
Fig. 38, with a hollow at Cg. Bidone first observed a hollow, 

as FCjj Jg, when the inclination s was r-r. When the inclina* 

tion of a river channel changes from greater to less, the 
velocity is Obstructed, and a hollow similar to FC2i2 some- 
times occurs ; when the difference of velocity is considerable; 
the upper water at b^ falls backwards towards Cg and f, and 
forms a borCy a splendid instance of which is the pttrorocaf 
on the Amazon, which takes place where the inclination of 
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the surface changes from 6 inches to j^th of an inch per mile, 
and the velocity from about 22 feet to 4J feet per second. 

WEIR CASEy LONG AND SHORT WEIRS. 

When a channel is of very unequal widths, above a weir, 
we have found the following simple method of calculating 
the backwater sufficiently accurate, and the results to agree 
very closely with observation. Having ascertained the 
surface fall due to friction in the channel at a uniform 
mean section, add to this fall the height which the whole 
quantity of water flowing down would rise on a weir 
having its crest on the same level as the lower weir, and 
of the same length as the width of the channel in the 
contracted pass. The sum will be the head of water at 
some distance above such pass very nearly. A weir was re- 
cently constructed on the river Black water, at the bounds of 
the counties Armagh and Tyrone, half a mile below certain 
mills, which, it was asserted, were injuriously affected by 
backwater thrown into the wheel-pits. The crest of the 
weir, 220 feet long, was 2 feet 6 inches below the pit; the 
river channel between varied from 50 and 67 feet to 123 feet 
in width, from 1 fool to 14 feet deep; and the fall of the 
surface, with 3 inches of water passing over the weir and 
the sluicea down, was nearly 4 inches in the length of half 
a mile. Having seen the river in this state iu summer, the 
writer had to calculate the backwater produced by different 
depths passing over the weir in autumn and winter, which 
in some cases of extraordinary floods were known to rise to 
3 feet. The width of the channel about 60 feet above the 
weir averaged 120 feet. The width, 2050 feet above the 
weir and 550 feet below the mills, was narrowed by a slip in 
an adjacent canal bank, to 45 feet at the level of the top of 
the weir, the average width at this place as the water rose 
being 55 feet. The channel above and below the slip widened 
to 80 and 123 feet. Between the mills and the weir there 
were, therefore, two passes ; one at the slip, averaging 55 feet 
wide; another above the weir, about 120 feet wide. Ast 
suming as above, that the water rises to the heights due 

L 
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to weirs 55 and 120 feet long, at these passes, we get, by 
an easy calculation, or by means of Table X., the heads in 
columns two and four of the following table, corresponding 
to the assumed ones on the weir, given in the first column, 

TABLE OF OALOITLATBD AKD OBSBKTED HEIGHTS ABOVE M'KEAV's 
WEIR ON THE BIYER BLAOKWATER. 



HdffhU at 

M'Keui's 

weir 280 feet 


Heights 60 feet above the 
weir channel 180 feet wide. 


Hei^hU 8060 feet above the 

weir channel fiS feet wide ; 

average. 


Calculated 
incheg. 


Obsenred 
inchefl. 


Calculated 
inches. 


Observed 
inches. 


H 


2i 


24 


a 


Bh 


2 


• •• 


• • • 


• • • 


... 


8 


41 


• • • 


74 


7 


4 


6 


• •• 


10 


9 


5 


7i 


• • • 


12i 


llj 


6 


9 


9 


15 


16i 


7 


lOi 


104 


17i 


18J 


8 


12 


• • • 


20 


204 


9 


13i 


12J 


221 


20i 


10 


16 


• •• 


24i 


20 


11 


16J 


• • • 


27i 


24 


12 


18 


17 


80i 


81 


18 


19| 


18i 


82f 


88 


15 


22]^ 


21 


871 


40 


18 


27 


25 


46J 


46 


21 


8U 


291 


53 


54 


24 


86 


84 


604 


62 



As the length of the river was short, and the hydraulic mean 
depth pretty large, the fall due to friction for 60 feet above 
the weir was very small, and therefore no allowance was made 
for it ; even the distance to the slip was comparatively short, 
being less than half a mile, and as the water approached it 
with considerable velocity, this was conceived, as the observa- 
tions afterwards showed, to be a sufficient compensation for 
the loss of head below by friction. The observations were 
made by a separate party, over whom the writer had no con- 
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trol, and it is necessary to remark, that with the same head of 
water on the weir, they often differed more from each other 
than from the calculation. This, probably, arose from the 
different directions of the wind and the water rising during 
one observation, and falling during another. 

The true principle for determining the head at ff, Fig. 39, 
apart from that due to friction, is that pointed out at pages 
75 and 76; but when the passes are very near each other, 
or the depth rfg. Fig. 23, is small, the effect of the discharge 
through 4i IS inconsiderable in reducing the head, as the con- 
traction and loss of vis-viva are then large, and the head 
di becomes that due to a weir of the width of the contracted 
channel at a, nearly. The reduction in the extent of the 
backwater, by lowering the head on a longer weir, is found 
by taking the difference of the amplitudes due to the heads 
at ff, Fig. 39, in both cases, as determined from equations (56,) 
(128), et seq. This will seldom exceed a mile up the river, 
as the surface inclination is found to be considerably greater 
than that due to mere friction and velocity, and hence the 
general failure of drainage works designed on the assump- 
tion that the lowering of the head below, by means of long 
weirs, extends its effects all the way up a channel. We must 
nearly treble the length of a weir before the head passing 
over can be reduced by one-half. Table X., even supposing 
the circumstances of approach to be the same ; surely several 
engineering appliances for shorter weirs, during periods of 
flood, would be found more effective and far less expensive 
than this alternative, with its extra sinking and weir basin. 

The advocates for the necessity of weirs longer than the 
width of the channel, for drainage purposes, must show that 
the reduction of the head and extent of backwater above ^, 
Fig 39, is not small, and that the effects extend the whole 
way up the channel, or at least as far as the district to be 
benefited. Practice has heretofore shown, that long weirs 
have failed (unless after the introduction of sluices or other 
appliances) in producing the expected arterial drainage re- 
sults, notwithstanding the increased leakage from increased 
length, which must accompany their construction. 

L 2 
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The deepening in the weir basin aft be a is mostly of use in 
reducing the surface inclination between a h and a b by in- 
creasing the hydraulic mean depth ; but, thereby, the velocity 
of approach is lessened, and therefore the head at e increased. 
When the length of a weir basin a e exceeds that point 
where these two opposite effects balance each other, there 
will be a gain by the difference of the surface inclinations in 
favour of the long weir; but unless a e exceeds half a mile, 
this difference cannot amount to more than 3 or 4 inches, un- 
less the river be very small indeed : and if the channel be 
sunk far the long weirs b a or b ai^ it should also be sunk to 
at least the same depth and extent for the short weirs b e, 
b a, otherwise there is no fair comparison of their separate 
merits. The effect of the widening between a b and A b, the 
depth being the same, is also to reduce the surface inclination 
from a to E ; but, as before, unless a e be of considerable 
length, this gain will also be small. Now A b, at best, is but 
a weir the direct width of the new channel at a b, and if the 
length a e be considerable, we have an entirely new river 
channel with a direct weir at the lower end, and the saving of 
head effected arises entirely from the larger channel, with a 
direct transverse weir at the lower end. 

By referring to Table VI 1 1., it will be found that for a 
hydraulic mean depth of 6 feet a fall of 7|- inches per mile 
will give a velocity of 2 feet per second : if we double the 
depth, a fall of 4 inches will give the same velocity ; and for 
a depth of only 2 feet 6 inches, a fall of 12J inches is neces- 
sary. This is a velocity much larger than we have ever ob- 
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served in a weir basin, yet we easily perceive that the 
difference in the inclinations for a short distance, e a of a few 
hundred feet, must be small. If one section be double the 
other, the hydraulic mean depth remaining constant, the 
velocity must be one-half, and the fall per mile one-fourth, 
nearly. This would leave 7^ — 2 =: SJ inches per mile, or 
1 inch per 1000 feet nearly, as the gain with a hydraulic mean 
depth of 5 feet for a double water channel. For greater depths 
the gain would be less, and the contrary for lesser depths. 

Is the saving of head and amplitude of backwater we have 
calculated worth the increased cost of long weirs and the con- 
sequent necessity and expense of sinking and widening the 
channels for such long distances ? We think not; indeed, the 
sinking in the bcmn immediately at the weir is absolutely 
injurious^ by destroying the velocity of approach, and in- 
creasing the contraction. The gradual approach of the 
bottom towards the crest, shown by the upper dotted line 
i E in the section, Fig. 39, and a sudden overfall, will be 
found more effective in reducing the head, unless so far as 
leakage takes place, than any depth of sinking for only 60 
or 80 feet above long weirs. 

In most instances, the extra head will be only perceived by 
an increased surface inclination, which may extend for a mile 
or so up the channel, according to the sinking and widening. 

It is a general rule that, for shorter weirs, the coefficients 
of discharge decrease ; this arises from the greater amount of 
lateral contraction, and is more marked in notches or Poncelet 
weirs, than for weirs extending from side to side of the chan- 
nel; but for weirs exceeding 10 feet in length the decrease in 
the coefficients from this cause is immaterial, unless the head 
passing over bear a large ratio to the length ; and we even 
see from the coefficients, page 46, derived from Mr. Black- 
well's experiments, that with 10 inches head passing over a 
2-inch plank, the coefficient for a length of 3 feet is '614; 
for a length of 6 feet 'SSQ; and for a length of 10 feet '634; 
showing a decrease as the weir lengthens, but which may, in 
the particular cases, be accounted for. We have before re- 
ferred to other circumstances which modify the coefficients, 
yet we may assume generally, without any error of practical 
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value, that the coefficients are the same for different weirs ex- 
tending from side to side of a river. If, then, we put w and 
tTiforthe lengths of two such weirs, we shall have the relation 
of the heads d and di for the same quantity of water passing 
over, as in the following proportion :■— 



d : di 






I 



and therefore 
(135.) 






i 



w. 



X d. 



w 



By means of this equation we have calculated Table X., the 

w , 
ratio — being given in columns 1, 3, 5 and 7, and the value 

^* ( — j , or the coefficient by which d is to be multiplied, to 

find di in columns 2, 4, 6, and 8. It appears also, that if we 
take the heads passing over any weir in a river in an arith- 
metical progression^ the heads then parsing over any other 
weir in the same river must also he in arithmetical pro^ 
gression^ unless the quantity Jlounng down varies from eroga- 
turn or supply f stich as drawing off by mill racesy S^c. 



SECTION XL 

BENDS AND CURVES. — BRANCH PIPES. — DIFFERENT LOSSES 
OF HEAD. GENERAL EQUATION FOR FINDING THE VELO- 
CITY. HYDROSTATIC AND HYDRAULIC PRESSURE. PIEZO- 
METER. — CATCHMENT BASINS. — RAIN FALL PER ANNUM. — 
WATER POWER. 

The resistance or loss of head due to bends and curves 
has now to be considered. If we fix a bent pipe, f b c d e g, 
Fig. 40, between two cisterns, so as to be capable of re- 
volving round in collars 
at F and g, we shall 
find the time the water 
takes to sink a given 
distance from y to f in 
the upper cistern the 
same, whether the tube 
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occupy the position shown in the figure or the horizontal po- 
sition shown by the dotted line vbcdeQ. This shows that 
the resistances due to friction and to bends are independent 
of the pressure. If the tube were straight, the discharge 
would depend on the length, diameter, and difference of level 
between J' and q, and may be determined from the mean ve- 
locity of discharge, found from Table VIIL or equation (79.) 
Here, however, we have to take into consideration the loss 
sustained at the bends and curves, and our illustration shows 
that it is unaffected by the pressure. 

The experiments of Bossut, Du Buat, and others, show 
that the loss of head from bends and curves — ^like that from 
friction — increases as the. square of the velocity; but when 
the curves have large radii, and the bends are very obtuse, the 
loss is very small. With a head of nearly 3 feet, Venturi's 
twenty-third experiment, when reduced, gives — for a short 
straight tube 16 inches long, and 1^ inch in diameter, having 
the junction of the form of the contracted vein, very nearly 
'873 for the coeflScient of discharge. When of the same 
length and diameter, but bent as in Diagram 1, Fig. 40, the 
coeflScient is reduced to '786; and when bent at a right angle 
as at H, Fig. 40, the coeflScient is further reduced to '660. In 
these respective cases we have therefore. 



1. vzz -873 \/2gh, and h = 1312 x 



v^ 



W 



2. vzz -786 s/2gh, and h = 1-623 x ^ ; 

3. V = -660 s/2pi, and h = 3-188 x ^ ; 



showing that the loss of head in the tube h. Fig. 40, from 

the bend, is 1*876 x q^, or nearly double the theoretical 
head due to the velocity in the tube. The loss of head by 



t?" 



the circular bend is only '3110", or not quite one-sixth of 
the other. 
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Du Buat deduced, from about twenty-five experiments, 
that the head due to the resistance in any bent tube 
ABCDEFQH, Diagram 1, Fig. 41, depends on the number 




of deflections between the entrance at A and the departure at 
H ; that it increases at each reflection as the square of the 
sine of the deflected angle, a b e for instance, and as the 
square of the velocity; and that if ^, ^j, ^j, ^3, &c., be the 
number of degrees in the angles of deflection at b, c, d, e, 
&c., then for measures in French inches the height A^y <lue to 
the resistances from curves, is 



(136.) Ab= 



f? (sin.* ^ + sin.* ^^ + sin.* ^2 + sin.* ^3 -f &c.) 
" 3000 



which for measures in English inches becomes 

y* (sin.* <p + sin.* <p^ + sin.* (p^ + sin.* (p^ + &c .) 
(137.), Ab= 3197 —_ \ 

and for measures in English feet, 

(1 J8.) hy, - 266^1 

or, as it-may be more generally expressed for all measures, 

«?* 
(139.) hy, = (sin.*^ + sin.*^ ^ + sin.*^^ + sin.*^3+ &c.) ^:^^ 

1 



in which 



ir 



i^-'llg - 266-4 



=: -00376 in feet. 



The angle of deflection, in the experiments from which 
equation (136) was derived, did not exceed 36®. We have 
already shown the loss of head from the circular bend in 



ORIFICES, WEIRS, PIPES, AKD RIVERS. 163 

diagram 1, Fig. 40, where the angle of deflection is nearly 



V 



46% to be 311 2^ = -004831?', but as the sin. 46^ = -707 

sin.' 46^ = -6, we get -00483 1?' = -00966 1?* x sin.' 46% or 
more than two and a half times as much as Du Bu&t's 
formula would give ; and if we compare it with Rennie's 
experiments*, with a pipe 16 feet long, J inch diameter, bent 
into fifteen curves, each 3^ inches radius, we should find the 
formula gives a loss of head not much more than one-half 
of that which may be derived from the observed change, '419 
to -370 cubic feet per minute in the discharge. See p. 166. 

Dr. Young f first perceived the necessity of taking into 
consideration the length of the curve and the radius of cur- 
vature. In the twenty-five experiments made by Du Buat, 
he rejected ten iu framing his formula, and the remaining 
fifteen agreed with it very closely. Dr. Young finds 

•0000046 ?> P» X t?' 
(140.) A, = p 

where f is the number of degrees in the curve v p, diagrani 
2, Fig. 41, equal the angle nop; f =: o n the radius of 
curvature of the axis ; A^ the head due to the resistance of 
the curve, and v the velocity, all expressed in French inches* 
This formula reduced for measures in English inches is 

' , _ , -0000044 (pp^x v^ 
(141.) h, =z -^ ; 

and for measures in English feet, 

(142.) A, = •QQQQQ^; ^* " ^ . 

Equation (140) agrees to -j^th of the whole with twenty of 
Du Buat's experiments, his- own formula agreeing so closely 
with only fifteen of them. The resistance must evidently in- 
crease with the number of bends or curves ; but when they 
come close upon, and are grafted into, each other, as in 

* Philosophical TraDsactions for 1831, p. 438. 

t Philosophical Transactions for 1808, pp. 173-175. 
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diagram 1, Fig. 41, and in the tube fbc d eg, Fig. 40, the 
motion in one bend or curre immediately affects those in the 
adjacent bends or curves, and this law does not hold. 

Neither Du Bu&t nor Young took any notice of the rela- 
tion that must exist between the resistance and the ratio of 
the radius of curvature to the radius of the pipe. Weisbach 
does, and combining Du Buat's experiments with some of 
his own, finds for circular tubes, 

(143.) A, = ilo X {-131 + 1-847 (^)^} x ^; 

and for quadrangular tubes, 

(144.) A. = ilo X (-124 + 3-104(^y} x£; 

in which f is equal the angle n o p = n i r, diagram 2, 
Fig. 41 ; d the mean diameter of the tube, and f the 

radius n o of the axis. When --— exceeds '2, the value of 

2f 

•131 + 1-847 (^y exceeds •124 + 3-104 ( — f, and the 

rei^stance due to the quadrangular tube exceeds that due to 
the circular one. We have arranged and calculated the follow- 
ing table of the numerical values of these two expressions 
for the more easy application of equations (143) and (144). 
This table will be found of considerable use in calculating the 
values of equations (143) and (144), as the second and fifth 

2~ ) , and the 
third and sixth columns the values of '124 + 3*104 fo- ) , 

corresponding to different values of q" ; and it is carried to 

twice the extent of those given by Weisbach. 

For bent tubes, diagrams 3, 4, and 5, Fig. 41, the loss of 
head is considerably greater than for rounded tubes. If, as 
before, we put the angle n i r = ^, i r being at right angles to 
I o the line bisecting the angle or bend, we shall find, by 
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TABLB OF THB YALUS8 OF THl XXPBBSSIOHS 

•181 + 1^847 ^— y and -124 + 8-104 (A \l 



d 

2e 


Circular 
tubes. 


Quadrangular 
tubes. 


d 
27 


Circular 
tubes. 


Quadraogular 
tubes. 


•1 


•131 


•124 


.6 


•440 


•643 


•16 


•188 


•128 


•65 


•540 


•811 


% 


•138 


•186 


•7 


•661 


1016 


•25 


•145 


•148 


•75 


•806 


1-258 


•8 


•158 


•170 


•8 


•977 


1645 


•85 


•178 


•203 


'%5 


1-177 


1-881 


•4 


•206 


•250 


•9 


1-408 


2-271 


•45 


•244 


•814 


•95 


1-674 


2-718 


•6* 


•294 


•898 


1^00 


1-978 


8-228 



v 



decomposing the motion^ that the head h" becomes 

Q~ X cos.^ 2 ^ from the change of direction ; and that a loss 
of head 



(146.) 



Ab = (1 - COS.' 2 ?) gr = sin." 2 ^ ^^ 



must take place. When the angle is a right angle, as 

in diagram 4, cos. 2^ = 0, and A^ = o" ' *^^* ^® *^ ^^y^ 

the loss of head is exactly equal to the theoretical head. 
When the angle or bend is acute, as in diagram 6, the loss of 

head is (1 + cos.' 2^) o":, for then cos. 2 f becomes negative. 
Weisbach does not find the loss of head in a right angular 



3 



bend greater than '984 q—; while Venturi's twenty-third ex- 
periment, made with extreme care, p. 151, shows the loss to be 



f? 



1*876 2~- When the pipes are long, however, the value of 

* The values corresponding to -— =: *55 are 'B59 and '607 for cir- 
cular and quadrangular tubes. 



156 THB DI8CHABOS OF WATER FROM 

o— is in general small^ and this correction does not affect the 

final results in any material degree. 

Rennie's experiments*, with a pipe 15 feet long, J inch 
in diameter, and with 4 feet head, give the discharge per 
second 

Cubic feet. 

1. Straight . . ; -00699 

2. Fifteen semicircular bends . . . •00617 

3. One bend, a right angle 8|- inches 

from the end of the pipe . • . '00556 

4. Twenty-four right angles . . . '00253 

From these data we find consecutively, the theoretical dis- 
charge being '021885 cubic feet per second, and the theoretical 

head h =: n~, that 

, v^ 

!.«;=: -319 v/2^h, and therefore h = 9*82 x ^^ 

2. v = -282 v/27h, „ „ H = 12-58 x g" 

3. t? = '254 V 2^H, „ „ H =z 15-50 x n" 

if 

4. t; = -116v/2^, „ „ H = 74-34 x^ 

The loss of head, therefore, by the introduction of 15 semi- 
circular bends, is 2*76 2~ ; by the introduction of one right 

if 

angle, 5*68 ^^ ; and by the introduction of 24 right angles, 

64*52 5^, or about 12 times the loss due to one right angle. 

This shows that the resistance does not increase as the number 
of bends, as we before remarked, p. 1 38, when they are close to 

each other. The loss of head from one right angle, 5*68 -o~> 

is more than double the loss from 15 semicircular bends, or 

* Philosophical Transactions for 1831, p. 438. 
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2-76 n— • The loss of head for a right angular bend, deter- 
mined from Venturi's experiment, is 1*876 jr— ; formula (145) 
makes it o^; and Weisbach's empirical formula, ('9467 sin. f 



•984 



The formulse 



+ 2*047 sin.*^) 2"> makes it only •t^^^ ^ 

now in use give, therefore, results considerably under the truth. 
It appears to us, that perhaps the quantity of water moving 
directly towards the bend must also be taken into considera* 
tion, and certainly the loss of mechanical effect from con- 
traction, and eddies at the bend, as well as the loss arising 
from change of direction. 

BRANCEL PIPES. 

When a pipe is joined to another, the quantity of water 
flowing below the junction b, diagram 1, Fig. 42, must be 




equal to the sum of the quantities flowing in the upper 
branches in the case of supply; and when the branch pipe 
draws off a portion of the water, as in diagram 2, the quantity 
flowing above the junction must be equal to the quantities 
flowing in the lower branches. Both cases differ only in the 
motion being from or to the branches, which, in pipes, are 
generally grafted at right angles to the main, for practical 
convenience, as shown at bb, and then carried on in any 
given direction. The loss of head arising from change 



t? 



of direction, equation (146), is sin.*2^o~» in which 2^ 

= angle a b o ; but as in general 2 ^ is a right angle for 
branches to mains, this source of loss becomes then simply 
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t;« 



^z— In addition to this, a loss of head is sustained at the 

junction, from a certain amount of force required to unite or 

separate the water in the new channel. In the case of drawing 

off, diagram 2, this loss was estimated by D'Aubuisson, from 

experiments by Genieys, to be about twice the theoretical 

2tj* 
head due to the velocity in the branch, or -h"? so that the 

... t?' St?' 3t?' 
whole loss of head ansing from the junction is q~~" + o" = 'o~'' 

or three times the theoretical head due to the velocity. In the 
case of supply, the loss is probably nearly the same. The 
actual loss is, however, very uncertain; but, as was before 
observed when discussing the loss of head occasioned by 

bends, two or three times -2— is in general so comparatively 

small, that its omission does not materially effect the final re- 
sults. A loss also arises from contraction, &c. See pp. 97, 98. 
The calculations for mains and branches become often very 
troublesome, but they may always be simplified by rejecting 
at first any minor corrections for contraction at orifice of 
entry, bends, junctions, or curves. If, in diagram 2, Fig. 42, 
we put * for the head at b, or height of the surface of the 
reservoir over it ; h^ for the fall from b to A ; h^ for the fall 
from B to D ; / equal the length of pipe from b to the re- 
servoir; l^ equal the length ba; l^ equal the length bd; 
r equal the mean radius of the pipe b c ; r^ the mean radius 
of the pipe b a ; r^ the mean radius of b d ; v the mean 
velocity in b c ; t;^ the velocity in b A ; and v^ the velocity in 
B D, we then find, by means of equation (73), the fall from the 
reservoir to a equal to 

(146.)A + A.= (c, + c,x|)^+(l+c,x-^)|^; 

the fall from the reservoir to d equal to 

(147.) * + *d= (o, + c, x|)^ + ( 1 + c, X ^)^; 
and, as the quantity of water passing from c to b is equal to 
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the sum of the quantities passing from b to a and from 

B to J}, 

(148.) ' V r" zz v^fi + v^f\. 

By means of these three equations we can find any three of 
the quantities A, A^, Ad, r, r^ r^, ft, 6., b^, the others being 
given. Equations (146) and (147) may be simplified by neg- 
lecting c„ the coefficient due to the orifice of entry from the 
reservoir, and 1, the coefficient of velocity. They will then 
become 

(148.) A + *. = <^fx(-x^ + ;^x^)• 

and 

(149.) A + Aa = c,x(|x^+^x^)- 

The . mean value of Cf for a velocity of 4 feet per second is 

•006741, and of ^, -0000891. The values for any other ve- 
locities may be had from the table of coefficients of friction 
given at p. 120. When /, A, and r are given, the velocity v 

can be had from the equation, t?=( — ^7")^^^ more im- 
mediately from Table VIII. 

OENEHAL EQUATION FOB MEAN VELOCITY. 

We are now enabled to give a general equation for finding 
the whole head h, and the mean velocity v, in any channel ; 
and to extend equations (73) and (74)* so as to comprehend 
the corrections due to bends, curves, &c. Designating, as 
before, the height due to the resistance at the orifice of entry by 
h„ and the corresponding coefficient by c, ; 
Af the head due to friction, and Cf the coefficient of friction ; 
Ab the head due to bends, and c^ the coefficient of bends ; 
he the head due to curves, and c^ the coefficient of curves ; 
Ae the head due to erogation, and c^ the coefficient of erogation; 
and 

A, the head due to other resistances, and c, their mean co- 
efficient; then we get 

* See Note B. 
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(150.) H = A, + A, + Afc + Ac + A, + Ax + 






that is to say, by substituting for Zi„ Af, &c., their values as 
previously found, 

s s s 

or, more briefly, 

(161.) H=:(l + c, + Cf x~+ Cb + Cc + Ce + ^x)2^; 

from which we find 



(152.) V zz , 



2^H 



U + C, + C, X — + Cb + Cc + <?e + ^x 



i^ 



It is to be observed here, that for very long uniform 
channels, the value of the mean velocity will be found in 

general equal to J ^^ i , as the other resistances and the 

head due to the velocity are all trifling compared with the 
friction, and may be rejected without error; but, as we before 
observed, it is advisable in practice, when determining the 
diameter of pipes, p. 123, to increase the value of Cf, Table, 
p. 120, or to increase the diameter found from the formula by 
one-sixth, which will increase the discharging power by one- 
half. (See Table XIII.) 



HYDROSTATIC AND HYDRAULIC PRESSURE. — PIEZOMETER. 

When water is at rest in any vessel or channel, the pres-* 
sure on a unit of surface is proportionate to the head at its 
centre*, measured to the surface, and is expressed in lbs. for 

* This is only correct when the surface is small in depth compared 
with the head. If h be the depth of a rectangular surface in feet, and 
also the head of water measured to the lower horizontal edge, then the 
pressure in lbs. is expressed by 31^ h' ; and the centre of pressure is at 
jrds of the depth. 
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measures in feet, by 62 J h s, in which h is the head, and s 
the surface exposed to the pressure, both in feet measures. 
This is the hydrostatic pressure. In the pipe a b c d f b. 
Fig. 43, the pressures at the points b, c, d, f, and e, on the 
sides of the tube will be respectively as the heads Bb, cc, nd, 
F f, and £ e, if all motion in the tube be prevented by stopping 




the discharging orifice at e. In this case the pressure is a 
maximum and hydrostatic ; but if the discharging orifice at 
E be partially or entirely open, a portion of each pressure at 
B, c, D, F, &c., is absorbed in overcoming the difiTerent resist- 
ances of friction, bends, &c., between it and the orifice of entry 
at A, and also by the velocity in the tube, and the difference 
is the hydraulic pressure, 

Bemouilli first showed that the head due to the pressure 
at any point, in any tube, is equal to the effective head at 
that pointy minus the head due to tfie velocity. When the 
resistances in a tube are nothing, the effective head becomes 
the hydrostatic head, and by representing the former by Agf we 
shall have^ adopting the notation in equation (150), 

A^f = H — (A, + Af + Ac + &c.), 

and consequently the head due to the hydraulic pressure equal 

(163.) Ap = Aef-^= H - (A, + A, + Ab + &c.) ^~. 

^9 ^9 

If small tubes be inserted, as shown in Fig. 43, at the points 

B, c, D, and p, the heights b 6^, c c^, d d^, vf^, which the water 

rises to in these, will be represented by the corresponding 

values of Ap in the preceding equation ; and the difference 

between the heights c c^, f/^, at c and f, for instance, added 

M 
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to the fall from c to f, will evidently express the head due 
to all the resistances between c and f. When h = s^, 
and the orifice at £ is open^ we have, from equation (150) 

h = A, 4- Af + K + Ac + &c. + ^, and therefore Ap = 0, 

that is, the pressure at the discharging orifice is nothing. 

The vertical tubes at b, c, d, f, when properly graduated, 
are termed piezometers or pressure gauges; they not only 
show the actual pressure at the points where placed, but also 
the difference between any two, d d^ — b y, for instance, 
added to the difference of head between b and d, or d rf* will 
give D rf^ — b y + D rf^ for the head or pressure due to the 
resistances between b and d. This instrument affords, per- 
haps, the very best means of determining the loss of head 
due to bends, curves, diaphragms, &c. The loss of head due 
to friction, bend, diaphragms, &c., between k and l, Fig. 43, 
is equal toKA— L/ + Kt;. Ifnbe the same distance from 
L as K is, L / — M m will be the height due to the friction 
(l and M being on the same level) ; therefore kA: — l/+ ki; 
— lZ + Mm = KA + Kt7+ Mm — 2L/is the head due to 
the diaphragm and bend both together. If the diaphragm be 
absent, we get the head due to the bend, and if the bend be 
absent, the head due to the diaphragm in like manner. 

When the discharging orifice, as at e, is quite open, we have 
seen that the pressure there is zero ; but when, as at g, it is 
only partly open, this is no longer the case, and the hydraulic 
pressure increases from zero to hydrostatic pressure, as the 
orifice decreases from the full section to one indefinitely small 
compared with it. A piezometer, placed a short distance in- 
side G, will give this pressure ; and the difference between it 
and the whole head will be the head due to the resistances 
and velocity in the pipe ; from which, and also the length 
and diameter, the discharge may be calculated as before 
shown. Again, by means of the head M m^, and that due to 
the velocity of approach, we can also find the discharge 
through the diaphragm g; see equation (46) and the remarks 
following it. This result must be equal to the other, and we 
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may in this way test the formulae anew or coriect them by 
the practical results. 

The velocity of dischai^e of the tube a c d e, may be cal- 
culated by means of any piezometric heii^ht c c^ ; for, by put- 
ting the whole fall from c^ to e equal to h^i, we get, disregard- 

hag bends, v = • -^—i — I , in which l^i = c e. This is evi- 

( ^fv ) 

dent from equation (152), as we have supposed that no part 
of the head is absorbed in generating velocity, or in over- 
coming the resistance of bends. If the bend at d were taken 

into consideration, then v = -, ' 

r 



\ 



catchment basins. — PALL OP RAIN. 

A catchment basin is a district which drains itself into a 
river and its tributaries. It is bounded, generally; by the 
summits of the neighbouring hills, ridges, or high lands ; and 
may vary in extent from a few square miles to many thou- 
sands ; that of the Shannon is over 4500 square miles. The 
average quantity of water which discharges itself into a river 
will, CiBteris paribus, depend on the extent of its catchment 
basin, and the whole quantity of rain discharged on the area 
of the catchment basin, including lakes and rivers. The 
quantity of rain which falls annually varies with the district 
and the year; and it also varies at different parts of the same 
district. The average quantity in Ireland may be taken at 
about 34 inches deep, that which falls in Dublin being 27 
inches*, and that in Cork 41 inches nearly. The quantity 

* The average yearly fall in Dublin for seven years, ending with 1849, 
was 26*407 inches ; and the maximum fall in any month took place in 
April, 1846, being 5*082 inches. The average fall in inches per month 
for seven years, ending with 1849, was as follows : — October, 3*060 ; 
August, 2*936 ; January, 2*644 ; April, 2*503 ; November, 2*300 ; July, 
2-116 ; June, 2005 ; December, 1*938 ; September, 1*860 ; May, 1*814 ; 
March, 1*739 ; February,^ 1*534. — Proceedings of the Royal Irish Academy ^ 
vol. V. p. 18. 

M 2 
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varies a good deal with the altitude of the district. In parts 
of Westmoreland it rises sometimes to 140 inches ; in London^ 
an average of 20 years* observations gives a fall of nearly 25 
inches. In the district surrounding the Bann reservoirs in 
the County Down, the average fall has been found so high 
as 72 inches. Indeed, it is requisite to obtain the fall from 
observation for any particular district, when it is necessary to 
apply the results to scientific purposes. 

The proportion between the quantity which falls, and that 
which passes from a catchment basin into its river, also varies 
very considerably. When the sides of a catchment basin are 
steep, and the water passes oflp rapidly into the adjacent river 
or tributaries, there is less loss by evaporation and perco- 
lation than when they are nearly flat. The soil, subsoil, and 
stratification have also considerable effect on the proportion. 
Reservoirs being generally constructed adjacent to steep side 
falls, give a much larger proportion of the quantity fallen 
than can be obtained from rivers in flatter districts ; besides, 
the quantity of rain which falls on the high summits, near 
reservoirs, almost always exceeds the average fall, consider- 
ably. As 640 acres is equal to one square mile, and one 
acre is equal to 43,560 square feet, a fall of one inch of rain 
is equal to 3630 cubic feet per acre, and to 3630 x 640 
=: 2323200 cubic feet per square mile : the proportion of 
this fall, for each acre, or square mile of the catchment basin, 
which enters the river, must depend entirely on the district 
and local circumstances, the full or maximum quantity being 
retained on lakes. 

It is too often taken for granted that the discharge from a 
catchment basin takes place, into the conveying channels, in 
nearly the same time that a given quantity of rain falls. Per- 
haps the largest registry on record in Great Britain is a fall 
of 2 inches in an hour. The maximum fall in any hour of 
any year seldom exceeds half of this amount, and then per- 
haps only once in several years. The quantity which falls 
will not be discharged into the channels in the same time. 
The quantity discharged, and time, will depend a good deal 
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QtTAKTITT PlU 


AOBB VOB 


A OITEK 


DBPTH Of 


FALL. 




Fall in 

inches 

perhonr. 


Cubic feet 
per acre. 


Fall in 

inches 

per honr. 


Cubic feet 
per acre. 


Fall in 

inches 

per honr. 


Cubit feet 
per acre. 


Fall in 

inches 

per hour. 


Cubic feet 
per acre. 


2 
If 

n 

1 
1 


7260 
6852 
5445 
4537 
8630 
2728 




1815 
1861 
907 
726 
605 
519 


i 


454 
408 
868 
802 
259 
227 




181 
121 
91 
78 
61 
52 



on the season and district. The arterial channel receives the 
supply at different places and from different distances, and 
the water in passing into and from it does not encounter the 
same amount of resistance as if it all passed first into the 
upper end. Less sectional area is, therefore, necessary than 
if the whole discharge had to pass through the whole length 
of the channel. The relation of the quantity of rainfall to 
the portion which flows into the main channel, as well as the 
time which it takes to arrive at it, and the places of arrival, 
must be known before the proper size of a new channel can 
be determined, particularly sewers in urban districts. A 
pipe sufficient to discharge the water from 200 acres need not 
be 20 times the discharging power of one exactly suited to 
10 acres of the same district, for the dischai^e from the out- 
lying 190 acres will not arrive at the main in the same time 
as that from the adjacent 10 acres. 

In the Holborn and Finsbuiy divisions Mr. Roe calculated 
that an 18~inch cylindrical pipe, laid at an inclination of 1 in 
80, is sufficient for 20 acres of house-sewage, while a 5-inch 
pipe laid at an inclination of 1 in 20 is necessary for 1 acre, 
and a 3-inch pipe, laid also at 1 in 20, for ^ acre. In each 
of these cases, however, the discharge must depend on the 
head and length of the pipe as well as the inclination at 
which it is laid. Assuming the inclination of those pipes to 
correspond with the hydraulic inclination, we have calculated 
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their discharging powers to be respectively 807, 72, and 20 
cubic feet per minute, the areas to be drained being 20, 1, 
and ^ acres. In all calculations of this kind it is necessary j 
for 'accuracy, to ascertain not only the maximum rainfall 
per hour, but also the proportions discharged per hour, ac^ 
cording to the season and district, into the main channel^ 
and also the junctions or places of arrival. In urban dis- 
tricts 1600, 2100, and sometimes 3600 cubic feet per hour 
per acre, have to be discharged after extraordinary rainfalls. 
These may be taken as maximum results. 

In urban districts, however, a much latter quantity of 
water is conveyed more rapidly, aeteris paribus, to the 
mains, than in suburban districts and catchment basins gene- 
rally, in which the maximum discharge per acre per hour, 
even in the steeper and higher districts, seldom exceeds 
700 cubic feet, and varies from about 20 cubic feet for the 
larger and flatter districts upwards. This arises from the 
impervious nature of the surfaces it falls upon in towns, and 
the lesser waste in passing to the drains, as well as a portion 
of the supply being often artificial. From 70 to 90 cubic 
feet* per acre per hour, is generally taken for the maximum 
discharge from the average number of catchment basins; 
this is equal to a supply of from -^^ih. to -^^ih of an inch 
in depth from the whole area. Thorough drainage increases 
the supply and discharge. Every catchment basin has, 
however^ its own peculiar data, and a knowledge of these 
is necessary before we can draw any correct conclusions for 
new waterworks in connection with it. It may be re- 
marked, however, that any conclusions drawn from experi- 
ments on the supply of tributaries, particularly in high 
districts, are wholly inapplicable to the main channel into 
which they flow. The flow into tributaries and mountain 
streams, or rivers, is always more rapid than into main 
channels and rivers in flat districts, and the supply from 

* Some interesting obseryations on rainfall and flood discharges are 
given in the Transactions of the Institution of Civil Engineers, Ireland, 
for 1851, pp. 19-33 and pp. 44-52. 
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Springs often fonns a large portion of the water flowing 
in them. 

The effects of evaporation are very variable; sometimes 
68 or 60 per cent, of the annual fall is carried off in this-way 
from ordinary flat tillage soils, and other estimates are much 
higher ; much, however, depends on the soil, subsoil, in- 
clination, stratification, and season. The evaporation from 
water surfaces exceeds the annual fall in these countries by 
^bout one-third; and that from flat marsh and callow lands 
exceeds the evaporation from ordinary tillage, porous, and 
high land^. When the flat lands along the banks of rivers 
extend considerably on both sides, an extra fall is necessary 
into the main channel, along the normal drains, otherwise 
such lands must sufler from excessive eveporation as welt 
as floods. Evaporation also varies with the climate. 

HORSE POWER. 

Taking the value of a horse's power at 33,000 lbs.* raised 
1 foot high in one minute, the theoretical horse power of an 
overfall, or a given quantity of water, is expressed by the 
fall in feet, multiplied by the discharge in cubic feet per 
minute, multiplied by 62J and divided by 33,000. The 
effective power depends on the nature, circumstances, and 
construction of the machine to which the theoretical power 
IS applied. For an overshot wheel, the ratio of the power to 
the effect may be taken as 3 : 2, and, therefore, the effective 
horse power will be 49,600 lbs. weight of water falling 1 foot 
in one minute f. The maximum effect of overshot wheels 
is found to vary :— Smeatori found it '76 times the theoretical 
effect; D'Aubuisson also '76 times; and Weisbach found 
•78 times the theoretical effect in the wheel of a stamp mill, 
at Frieberg, which was 23 feet high, 3 feet wide, and con- 
tained 48 buckets. To find the eff*ective horsepower we 

* 22,000 lbs. is much nearer the average power of horses as their 
work for twelve hours is ordinarily performed through the country. 

t Small wheels are not so effective as larger ones under similar 
circumstances. 
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must divide these decimals, viz. '76 and *78, into 33,000, 
which will give 43,300 and 43,600 lbs nearly, falling 1 foot 
for a horse power. 

For breast wheels, the ratio of the theoretical to the 
effective power must vary very considerably ; the mean value 
may be taken at 1 : '5 ; and, therefore, the value of a horse 
power would be 66,000 lbs. falling 1 foot in a minute. M. 
Morin found the efficiency to vary from 1 : •? to 1 : '62 ; 
and Egen, with a wheel 23 feet in diameter, 4|- feet wide, 
having 69 ventilated buckets exceedingly well constructed, 
found the ratio at best but as 1 : '52, and under ordinary 
circumstances as 1 : *48, the mean being as 1 : *5. Very 
wide wheels give a larger effect, sometimes as high as '73 
in one, but a good deal depends on the manner of bringing 
on the water and the construction of the buckets. 

For undershot wheels, the mean effect may be taken at 
•33 in one, or 100,000 lbs. falling 1 foot high in one minute, 
for the effective horse power. Here, however, the height 
must be (in general) determined from the velocity. A 
maximum effect of '5 in 1 is sometimes obtained, and a 
minimum effect of '16 in 1. 

Turbines may be said to give a useful effect of f in 1, or 
49,500 lbs. falling 1 foot in a minute for the effective horse 
power, the same as for an overshot wheel. A maximum 
effect of '821 in 1 has been obtained*, and the efficiency 
varies from '57 to '80, or less. 

Poncelet wheels give a useful effect of from '5 to '6 in 1 ; 
floating wheels '38 in 1; impact wheels from '16 to '4; and 
Barker's mill from '15 to '35 in 1. 

Corn mills will grind about a bushel of corn per horse 
power per hour^ but a good deal depends on the state of the 
stones, and on the grain. The value of the work done in 
an hour being once known, the value of a horse power may 
be determined accordingly. 

* Proceedings Bojal Irish Academy, vol. v. p. 214. 
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DieCHAROE FSOH ONE TEEBEL OB CHAMBER INTO ANOTHER. 
LOCK- CH A H B ER8. 

We have given, at pages 98 and 99, formulse for the time 
water in a prismatic veseel takes to fall a givea depth, when 



dischai^ed from an orifice at the side or hottom. The time 
the sur&ce st, Diagram 1, Fig. 44, takes to rise to st, when 
supplied through an orifice or tube or, from an upper lai^e 
chamber or canal, whose surfece s't' remains always at the 

same level, is - 



rising from r to s for measures in feet 



(Ji.) 


4016c, 


lO 


and for 


measures in inches 




fB.1 


(- ' 


-i 



159^ «--^''' 

in which a is the area of the horizontal section at sT; a the 
sectional area of the communicating channel or orifice or; 

* The time of rising from b fo « is exactlj cloubte the time it would 
take if the presBurc f remained uDiform to fill the Bviie depth bdow s. 
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c^ the coefficient of discharge suited to it, and hi and / as 
shown in the diagram. 

In order to find the time of filling the lower vessel to the 
level ST, supposing it at first empty, we have the contents 
of the portion below or equal to Ah^y and the time of filling 
it equal to 

^^•^ 8-025 CdttA}' 

then the time of filling up to any level st, for measures 
in feet, is equal to Ihe sum of (a) and (c) ; that is, 

^ '' 8-026 c^a 1 Ai h\ ] 

8-026 ca a A} ' 
and for measures in inches 

(e.) t = 



27-8 C40I K K J 



_ A(2At + A,~2/*A*) 
27 8edoAl 



When ST coincides with st 



lv\ _ A(2Ai+Aa) 

^'^ ~8026caaA}' 

for measures in feet, and 

^ '' 27-8cdaA»' 

for measures in inches. These equations are exactly suited 
jto the case of a closed lock-chamber filled from an adjacent 
canal. 

When the upper level sV is also variable, as in Diagram 2, 
the time which the water in both vessels takes to come to the 
same uniform level «'^«f, is 
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(H.) t - ^^"^ (^^ +/^ ^il* - ^^^ (f^A)^_ . 

c^aiA + c) v^2y c^a{iL + c)y/2g' 

in which Ai+^ — A=/ + /i is the difference of levels at 
the beginning of the flow ; c the horizontal section of the 
upper chamber; and the other quantities as in Diagram 1. 
As c^ = a/, we find 

A C 

Now, in order to find the time of falling a given depth d 
below the first level sV, we have the head above s'fst equal 
to j^ — rf in the upper vessel, and the depth below it in the 

lower vessel equal to ^^"^ — :? whence the difference of 

A 

levels in the two vessels at the end of the fall d, is 

A A 

The time of falling through d is, therefore, from equation (h). 



c^a (a + o) v/% CflO (A + c) \/2ff 

2ac \(f4.ni^((±±£lUi-J)\*l 

"c,a(A + c)v/^r ^-^^^ A — /]' 

in which \/2ff zz 8026 for measures in feet and equal 27*8 
for measures in inches. The whole time of filling to a level 
the lower empty vessel, is found by adding the time of filling 
the portion below r, determined in a manner similar to 
equations (68) and (69) to be 
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to the time of fiDing above r, given in equation (h), when 
h is taken equal to zero. Equations (h), (i), and (k) are 
applicable to the case of the upper and lower chambers of 
a double lock, after making the necessary change in the 
diagrams. 

The above equations require further extensions when water 
flows into the upper vessel while also flowing from it into the 
lower; such extensions are, however, of little practical value, 
and we therefore omit them. For sluices in flood-gates with 
square arrises, c^ may be taken at about *545, but with 
rounded arrises the coefficient will rise much higher. See 
Sections III. and VII. 



NOTE B. 



In equations (74) and (151), the coefficient of friction Cf 
depends on the velocity t?, and its value can be found from 
an approximate value of that velocity from the small table, 
page 120. If, however, we use both powers of the velocity, 
as in equation (83), we shall get, when h is the whole head, 
and h the head from the surface to the orifice of entry 



(af? + ftt>*) — + (1 + c,) -^ + A = H, a quadratic equation 
r 2g 

from which we find 

^ _ ( (H ^ A) 2gr f gal y)i 

"■((1 +^r)r + 2^i/^ \(1 +Cr)r + 2gblJ ) 

gal 



(1 +Cr)r + 2gbl 
or a more general value of the velocity than that given in 
equation (74). If now we put c, = c, + Cj, + Cc + Ce + <:, in 
equation (151) we shall find 

V = \ ^° - ^> ^^"^ + ( 9"^ VI* 

(1 + c.)r + 2gbl \(1 ■^c,)r-[- 2gbl) S 

gal 



(1 +c,)r — 2gbl 
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for a more general expression of equation (152), when 
the simple power of the velocity, as in equation (83), is 
taken into consideration. For measures in English feet, we 
may take a = -0000223 and I = -0000854, which correspond 
to those of Eytelwein, in equation (97). The value of a is 
the same in English as in French measures, but the value 
of h in equation (83), for measures in metres, must be divided 
by 3*2809 to 'find its corresponding value for measures in 

English feet. In considering the head — <?« due to con- 
traction at the orifice of entry as not implicitly comprised 
in the primary values of a and J, equation (83), Eytel- 
wein is certainly more correct than D'Aubuisson, Traite 
d'Hydraulique, pp. 223 et 224, as this head varies with the 
nature of the junction, and should be considered in con- 
nection with the head due to the velocity, or separately. It 
can never be correctly considered as a portion of the head 
due to friction. In all Du Buat*s experiments, this head was 
considered as a portion of that due to the velocity, and the 

whole head (1 + c,) — deducted to find the hydraulic 
inclination. 



VALUES OF a AND 


b TOR MEASURES 


IN ENGLISH FEET. 
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a. 

(88.) -0000445 


b. 

•0000944 


» 


(90.) -0000173 


•0001061 


jj 


(94.) -0000243 


•0001114 


f> 


(98.) -0000223 


•0000854 


99 


(109.) -0000189 


•0001044 


99 


(111.) -0000241 


•0001114 


99 


(114.) -0000035 


•000116 


Mean values for all straight") .qqqqooi 
channels, pipes, or rivers J 


•0000892 
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Table I. — Coefficients of dischabob from square and dif- 
ferently PROPOBnONBD rectangular LATERAL, ORIFICES IN 
THIN YERTICAL PLATES. 



Heads of water mea- 
sured to the upper 

sides of the orCfices, 
in English inches. 


Ratio of the head 

to the 
length of the orifice^ 


Square oiifiee 

Ratio of the sides 
ItoL 


Rectangular 
orifice 8^x 4". 
Ratio of the sides 
Stol. 


Rectangular 

orifice 8* x 2". 

Ratio of the sides 

4toL 


Heiuls taken 
back ttom 
the orifice. 


III 

X 

•619 


Heads taken 
back from 
the orifice. 


Heads taken 
at the 
orifice. 


Heads taken 
back from 
the orifice. 


Heads taken 
at the 
orifice. 


0000 








•667 




-713 


©•197 


•025 




•597 




•630 




-668 


0-394 


-050 




•595 




•618 


•607 


-642 


0-591 


•075 




•594 


•593 


•615 


-612 


-639 


0787 


•100 


•572 


•594' 


•5P6 


•614 


•615 


-638 


1-181 


•150 


•578 


•593 


-600 


•613 


•6^20 


-637 


1-675 


•200 


582 


•593* 


•603 


-612 


•623 


-636 


1-969 


•250 


-585 


-593 


•605 


•612* 


-6^25 


-636 


2-36-2 


•300 


•587 


•594 


•607 


-613 


•627 


-635 


2-756 


•350 


•568 


-594 


•609 


•613 


•628 


•635 


3150 


•400 


•589 


-594 


•610 


•613 


•629 


-636 


3-545 


•450 


-691 


•595 


•610 


-614 


•629 


-634 


3-937 


•500 


-592 


•596 


-611 


•614 


•630 


-634 


4^724 


•600 


-693 


-596 


-612 


-614 


•630 


-633 


5-512 


•700 


•595 


•597 


•613 


•614 


•630 


-632 


6-299 


•800 


•596 


-597 


•614 


•615 


•631* 


-631 


7-087 


•900 


•597 


-598 


615 


•615 


•630 


-631 


7-874 


1-000 


•598 


•599 


615 


•616 


•630 


-630 


9-843 


1-250 


•599 


•600 


•616 


•616 


-630 


-630 


11-811 


1-500 


-600 


•001 


•616 


•616 


-629 


-629 


15-748 


2000 


-602 


•602 


-617 


•617 


•628 


•629 


19-685 


2-500 


•603 


•603 


•617* 


•617* 


•628 


-628 


23-6-22 


3000 


•604 


-604 


-617 


617 


•627 


627 


27-560 


3500 


-604 


•604 


-616 


•616 


-627 


-627 


31-497 


4000 


•605 


•605 


-616 


•616 


-627 


-6-27 


35-434 


4-500 


•605* 


•605* 


615 


•615 


•626 


-626 


39-371 


6 000 


-005 


•605 


-615 


•616 


•626 


626 


43-307 


5-500 


•604 


•604 


-614 


•614 


•625 


-625 


47-245 


6000 


-604 


•604 


•614 


•614 


•624 


-624 


51-182 


6-500 


•603 


•603 


•613 


-613 


-622 


-622 


55-119 


7000 


•603 


-603 


•612 


-612 


•621 


•621 


59-056 


7-500 


-602 


•602 


•611 


-611 


-620 


-620 


62993 


8-000 


-602 


-602 


•611 


•611 


•618 


•618 


66-930 


8500 


-602 


-602 


-610 


•610 


•617 


-617 


70-867 


9-000 


-601 


•601 


•609 


•609 


-615 


•615 


74-805 


9-500 


•601 


•601 


•608 


•608 


•614 


•614 


78-742 


10-000 


•601 


•601 


-607 


•607 


-613 


•614 


118112 


15-000 


•601 


•601 


.603 


•603 


-606 


•606 
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Table I. — Coefficients of dischaboe fbom square and dif- 
ferently PEOPOBTIONED BEOTANGULAB LATEBAL ORIFICES IN 
THIN TEBTICAL PLATES. 



Rectangular 
oxifloe 8" X 1-18". 
Ratio of the sides 

7 to 1 nearly. 






•630 
•632 
634 
•638 
•640 
•640* 
•610 
•639 
•638 
•637 
•637 
•636 
•636 
•634 
•634 
•633 
•632 
•632 
•631 
•630 
•630 
•629 
•629 
•628 
•628 
•627 
•626 
•624 
•622 
•620 
•618 
•616 
615 
•613 
•612 
'608 



I 



Hi 



766 
726 
687 
'674 
668 
659 
654 
65 r 
647 
645 
643 
641 
640 
637 
636 
635 
634 
633 
632 
632 
631 
630 
630 
629 
6-29 
628 
628 
627 
626 
62 ( 

622 
620 
618 
616 
615 
613 
612 
608 



Rectangular 

orifice 8"x 0-8". 

Ratio of the sides 

lOtoL 



« a « 
•^ go 



•660 
•660 
•659 
•659 
•658 
•658 
•657 
•656 
656 
•655 
•654 
•653 
•651 

•650 
•649 
•648 
•646 
•644 
•642 
•640 
•638 
•637 
•636 
•6S4 
•633 
•631 
•628 
•625 
622 
•619 
•617 
•615 
•614 
612 
•612 
610 



S 
18'8 



783 
750 
720 
707 
697 
685 
678 
672 
668 
665 
662 
659 
657 
655 
653 
651 
650 
649 
646 
644 
642 
640 
638 
637 
636 
634 
633 
631 
628 
625 
622 
619 
617 
615 
614 
612 
612 
610 



Rectangular 

orifice 8" x 4'. 

Ratio of the sides 

20toL 



IF 



II 



« 



•705 
•701 
•697 
694 
•688 
•683 
•679 
676 
•673 
•670 
•668 
'666 
•663 
•660 
•658 
•657 
•655 
•653 
•650 
•647 
•644 
•642 
•640 
•637 
•635 
632 
•629 
•626 
•622 
•618 
•615 
•613 
•612 
•612 
•611 
•611 
•609 



I 
IS V 

X 



i 



•795 
778 
•762 
•745 
•729 
•708 
695 
•686 
•681 
•677 
•676 
•672 
•669 
•666 
•661 
•659 
•657 
•656 
•653 
•651 
•647 
•645 
•643 
•640 
•637 
•635 
•632 
•629 
•626 
•622 
•618 
•615 
•613 
•612 
•612 
•611 
•611 
•609 



1 I 



•026 

•050 

•076 

•100 

•150 

•200 

•260 

•300 

•350 

•400 

•460 

•600 

•600 

•700 

•800 

•900 

lOOO 

1 -250 

1-500 

2000 

2-500 

8000 

3-500 

4-000 

4-500 

5-000 

6-600 

6000 

6-500 

7000 

7-500 

8000 

8500 

9^000 

9500 

1 0000 

15000 



liil 

fc w « 



0197 
0-394 
0-591 
0-787 
M81 
1-675 
1-969 
2-362 
2-766 
3160 
3-543 
3-937 
4-724 
6-612 
6-299 

7-087 
7-874 
9-843 
11-811 
15-748 
19-685 
23-622 
27-660 
81-497 
36-434 
89-371 
43-307 
47-245 
61-182 
65-119 
69-056 
62-993 
66-930 

70-867 

74806 

78-742 

118-112 
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Table II. — ^For finding the velocities from the altitudes 





Altitudes Ofeet O^J^ 


A-AVVJIU. ifc ■ ■ 1 ■ w ■■»■ i%yv 

inch to Ofeet 3| \ 


inches. 






Altitudes A in feet and 
inches. 


Coefficients of velocity, and the corresponding velocities of 
discbarge in inches per second. 




-• HI' 


2. Values of 
V - 27077 A* 
Coefficient 
•974. 


8. Values of 

V - 26-677 A* 

Coefficient 

•966. 


4. Values of 

V - 28-908 A* 

Coefficient 

•860. 


5. Values of 

v-r 22-657 A* 

Coefficient 

•816. 


o «* 




Oifc 

o,>. 


2-78 


2-71 


2-66 


2-89 


2-27 


2-22 




8-48 


3-38 


3-32 


2-99 


2-83 


2-78 




oS 

0| 


6-95 


6-77 


6-64 


5-98 


5-66 


5-56 




9-829 


9-57 


9-40 


8-45 


8-01 


7-86 




OA 


12088 


11-72 


11-61 


10-35 


9-81 


9-68 




Oi 


13-900 


13-64 


13-29 


11-95 


11-33 


11-12 




H 


16-541 


16-14 


14-86 


13-36 


12-67 


12-43 




Of 


17-024 


16-58 


16-27 


14-64 


13-87 


13-62 




OA 


18-388 


17-91 


17-58 


15-81 


14-99 


14-71 


. 


Oj^ 


19-668 


1915 


18-79 


16-91 


16-02 


15-73 




• 


20-850 


20-81 


19-93 


17-93 


16-99 


16-68 




oF 


21-978 


21-41 


2101 


18-90 


17-91 


17-58 




04J 

Of 

Hi 


23061 


22-45 


2204 


19-82 


18-79 


18-44 




24076 


23-45 


2302 


20-70 


19-62 


19-26 




26059 


24-41 


2400 


21-65 


20-42 


2005 




26-005 


25-33 


24-86 


22-36 


2119 


20-80 




I ?** 


26-917 


26-22 


25-78 


2316 


21-94 


21-53 




27-800 


27-08 


26-58 


23-91 


22-66 


22-24 




n 


29-486 


28-72 


2819 


26-36 


2403 


23-59 




u 


31081 


80-27 


29-71 


26-73 


26-33 


24-87 




If 


32-598 


31-75 


31-16 


28-03 


26-57 


2608 




li 


34-048 


83-19 


32-58 


29-30 


27-75 


27-26 




If 


35-438 


34-52 


33-88 


30-48 


28-88 


28-36 




If 


86-776 


85-82 


36-16 


31-63 


29-97 


29-42 




H 


38067 


87-08 


86-39 


82-74 


3102 


30-45 




2 


89-315 


38-29 


37-59 


83-81 


3204 


81-45 




2f 


40-525 


39-47 


38-74 


34-85 


3303 


32-42 




24 


41-700 


40-62 


39-87 


35-86 


38-99 


33-36 




2f 


42-843 


41-73 


40-96 


36-84 


34-92 


84-27 




2| 


43-956 


42-81 


42-02 


37-80 


35-82 


35-16 




2f 


45-041 


43 87 


4306 


88-74 


36-71 


8603 




2f 


46101 


44-90 


44-07 


39-65 


37-67 


36-88 




2| 


47-137 


45-90 


4606 


40-64 


38-42 


37-71 




8 


48151 


46-90 


4603 


41-41 


89-24 


38-62 




8f 


49144 


47-87 


46-98 


42 26 


4006 


39-32 




8^ 


60117 


48-81 


47-91 


43-10 


40-85 


40-09 




31 


51072 


49-74 


48-82 


4392 


41-62 


40-86 




8i 


52009 


50-66 


49-72 


44-73 


42-39 


41-61 




8f 


52-930 


51 -66 


50-60 


45-62 


4314 


42-34 




8f 


53-834 


52-43 


51-47 


46-30 


43-88 


43-07 




S| 


64-725 


63-30 


52-32 


4706 


44-60 


48-78 
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Table II. — Fob finding the velocities from the altttudes, 

AND T^^ ALTTTUDES FROM THE YELOOITIES. 

Attitudes feet J- inch to Ofeet 3]| inches. 



1 Coefficients of velocity, and the corresponding velocitiei of 


1 




ducoarge m 


inches per 


second. 




s A in feet < 

inches. 




'S'^'*. 


*«3 

O »« 4* 




•s^.. 


«^t5 


s5.i . 


8-|«5 


• ^ s 


• ^ s 


M^ £1 


8^1 . 


S o .2 • 


S »o fi • 


«<<«<£ • 


^ (^ c> o 


-2*P SS 


s^ ss 


Srt-S*- 


000-350 


Sa» 8^ 


.S 


•^ ^ CB ^ 


3««§ 


tf <« ^ CO 


3i^«S 


;3<b(BS 


^^ms 


1 




^'H o 


>•-' 8 • 


>^ 8 • 


>^ 8 • 


>^ 8^ 


00 11^ 


o5ll« 


c5ll^ 


^•ll« 


c-ll^ 






» 


» 


f-l 1^ 


l-l » 


rH ^ 




1-96 


1-86 


1-76 


1-72 


1-68 


1-62 


1 II . 
(Us 


2-43 


2-81 


218 


216 


2-11 


2-03 


OA 


4-87 


4-63 


4-36 


4-29 


4-21 


4-06 


OA 


6-88 


6-66 


617 


6-06 


6-96 


6-74 


0} 


8-43 


8-02 


7-66 


7-43 


7-29 


7-03 


Oti 


9-73 


9-26 


8-73 


8-68 


8-42 


8-12 


Oi 


10-88 


10-36 


9-76 


9-69 


9-42 


9-08 


OA 


11-92 


11-24 


10-69 


10-60 


10-32 


9-94 


Of 


12-87 


12-26 


11-66 


1186 


1114 


10-74 


0* 


18-76 


12-97 


12-34 


1213 


11-91 


11-48 


Oi 


14-60 


13-89 


13-09 


12-86 


12-64 


12-18 


OA 


16-88 


14-64 


18-80 


18-66 


18-82 


12-84 


0} 


16-14 


16-86 


14-48 


14-22 


13-97 


13-46 


<Hi 


16-86 


16-03 


16-12 


14-86 


14-69 


14-06 


0| 


17-64 


16-69 


16-74 


16-46 


16-19 


14-63 


o« 


18-20 


17-32 


16-83 


1604 


16-76 


16-09 


0} 


18-84 


17-93 


16-90 


16-61 


16-31 


16-72 


OjJ 


19-46 


18-61 


17-46 


17-16 


16-86 


16-24 


1 


20-64 


19-64 


18-62 


1819 


17-87 


17-22 


\\ 


21-76 


20-70 


19-62 


19-18 


18-84 


18-16 


u 
i| 


22-82 


21-71 


20-47 


20-11 


19-76 


19-04 


28-86 


22-69 


21-38 


2101 


20-68 


19-88 


14 


24-81 


28-60 


22-26 


21-87 


21-48 


20-70 


It 


26-74 


24-49 


23-10 


22-69 


22-29 


21-48 


If 


26-66 


26-36 


23-91 


23-49 


23-07 


22-23 


i| 


27-62 


26-18 


24-69 


24-26 


23-82 


22-96 


2 


28-87 


26-99 


26-46 


2600 


24-66 


28-67 


2} 


29-19 


27-77 


26-19 


26-73 


26-27 


24-36 


2i 


29-99 


28-63 


26-91 


26-43 


26-96 


26-02 


2f 


8077 


29-27 


27-60 


2712 


26-64 


26-67 


24 


81-63 


30-00 


28-29 


27-79 


27-29 


26-30 


2f 


32-27 


30-70 


28-96 


28-44 


27-94 


26-92 


2| 


83-00 


31-39 


29-60 


29-08 


28-67 


27-68 


2} 


88-71 


32-07 


80-24 


29-71 


29-18 


2812 


3 


34-40 


32-78 


30-86 


30-32 


29-78 


28-70 


%\ 


3608 


38-38 


81-47 


30-92 


30-37 


29-27 


8i 


36-76 


8401 


8207 


31-61 


30-96 


29-83 


3| 


36-41 


34-64 


32-66 


32-09 


81-62 


80-87 


%\ 


37-06 


86-26 


83-24 


32-66 


32-08 


80-91 


8| 


87-68 


36-86 


38-81 


38-22 


32-62 


31-44 


8} 


3831 


36-46 


34-37 


83-77 


3316 


31-96 


3| 



N 
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Table II. — For finding the velocities from the altitudes, 

AND THE ALTITUDES FROM THE VELOCITIES. 

Altitudes Ofeet 4 inches to 1 foot. 



Altitudes h 

in feet and 

inches. 



/ // 
4 






H 





4i 





H 





4i 





H 





H 





H 





5 





H 





H 





6f 





64 





H 





6f 





H 





6 





H 





6* 





6| 





7 





n 





n 





n 





8 





H 





H 





8| 





9 





n 





H 





H 





10 





104 








lOi 


a 





lU 





111 





11} 


1 






Coefficients of velocity and the corresponding velocities of 
discharge in inches per second. 



1. 
Values of 

i; = 27-8 n/aT 

the theoretical 

velocity. 



65-60 

56-462 

67-311 

58-148 

58-973 

59786 

60-689 

61-368 

62163 

62-935 

63-698 

64-452 

66-197 

65-933 

66 662 

67-383 

68-096 

69-60 

70-876 

72-227 

73-552 

74-864 

76133 

77-392 

78-630 

79-849 

81-050 

82-234 

83-40 

84-550 

85 685 

86-806 

87-911 

89-004 

90-082 

91-148 

92-202 

93-244 

94-274 

95-294 

96-302 



2. 

Coeffic*. 

•974. 



64-16 
64-99 
65-82 
56 64 
57-44 
68-28 
6901 
69-77 
60-66 
61-30 
6204 
62-78 
63-50 
64-22 
64-93 
65-63 
66-33 
67-69 
69-03 
70-35 
71-64 
72-91 
7415 
76-33 
76-69 
77-77 
78-94 
80-10 
81-23 
82-35 
83-46 
84-56 
86-63 
86-69 
87-74 
88-79 
89-80 
90-82 
91-82 

92 82 

93 80 



I 



8. 

Coeffic*. 
•956. 



6316 
63-98 
64-79 
66-59 
66-38 
6716 
57-92 
58 67 
6943 
60-17 
60-90 
61-62 
62-33 
6303 
63 73 
64-42 
66-10 
66-44 
67-76 
69-05 
70-32 
71-56 
72-78 
73-99 
75-17 
76-34 
77-48 
7862 
7973 
80-88 
81-92 
82-99 
84-04 
85-09 
86-12 
8714 
88-16 
89-14 
90-13 
91-10 
92-06 



4. 

Coeffit'. 

•86. 



47-82 

48-66 

49-29 

5001 

50-72 

61-42 

62-11 

62-78 

53-46 

54-12 

64-78 

55-43 

56-07 

56-70 

57-33 

57-96 

58-56 

59-77 

60-95 

62-11 

63-25 

64-37 

65-47 

66-66 

67-62 

68-67 

69-70 

7072 

7172 

72-71 

73-69 

74-65 

75-60 

76-54 

77-47 

78 39 

79-29 

80-19 

81-08 

81-95 

82-82 



5. 

Coeffic'. 

•815. 



46-31 

46-02 

46-71 

47-39 

4806 

48-73 

49-38 

6002 

60-66 

51-29 

61-91 

5253 

6314 

63-74 

54-33 

64 92 

65-60 

66-64 

67-24 

68-86 

5996 

61-01 

62-05 

63-07 

64-08 

65-08 

6606 

67-02 

67-97 

68-91 

69-83 

70-75 

71-65 

72-54 

73-42 

74-29 

75-14 

75-99 

76-83 

77 66 

78-49 



6. 

Coeffic*. 

•8. 



44*48 

45*17 

46-86 

46-52 

47-18 

47-83 

48-47 

49-09 

49-73 

60-35 

5096 

51-56 

52-16 

62-76 

53 33 

63-91 

54-48 

55-60 

56-70 

67-78 

68-84 

59-88 

60-91 

61-91 

62-90 

63-88 

64-84 

6679 

66-72 

67-64 

68-55 

69 44 

70-33 

71-20 

72-07 

72-92 

73-76 

74-59 

75-42 

76-23 

77 04 
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Table II. — Fob finding the yelocities from the altitudbs, 

AND THE ALTITUDES FROM THE YELOOITIES. 

Altitudes Ofeet 4 inches to I foot. 



Coefficients of Telocity and the correa 


ponding yelocities of 






discbarge in inches per second. 




Altitudes h 


7. 


8. 


9. 


10. 


11. 


12. 


Coeffic*. 


Coeffic*. 


Coeffic*. 


Coeffic'. 


Coeffic'. 


Cocffic*. 


in feet and 


•7 


-666. 


-628. 


-617. 


-606. 


•584. 


inches. 


88-92 


37-03 


34-92 


34-31 


83-69 


82-47 


6 4' 


39-52 


37-60 


85-46 


84-84 


34-22 


32-97 


4J 


4012 


38-17 


85-99 


35-36 


34-78 


83-47 


4i 


40-70 


38-73 


36-52 


35-88 


35-24 


38-96 


4f 


41-28 


39-28 


87-08 


36-39 


85-74 


84-44 


4i 


41-86 


39-82 


87-56 


86-89 


36-23 


84-92 


41 


42-41 


40-35 


88-05 


87-38 


36-72 


85-38 


41 


42-96 


40-87 


38-54 


87-86 


37-19 


85-84 


4} 


43-51 


41-40 


89-04 


88-35 


37-67 


86-30 


6 


44-06 


41-91 


39-52 


88-88 


38-14 


86-76 


6^ 


44-69 


42-42 


40-00 


89-80 


38-60 


87-20 


6i 


4512 


42-92 


40-48 


89-77 


3906 


87-64 


5| 


45-64 


43-42 


40-94 


40-23 


39-51 


88-07 


5i 


46-16 


48-91 


41-41 


40-68 


39-96 


88-51 


6| 


46-66 


44-40 


41-86 


41-18 


40-40 


88-93 


6| 


47-17 


44-88 


42-32 


41-58 


40-83 


89-85 


5| 


47-67 


45-35 


42-76 


42-02 


41-27 


89-77 


6 


48-65 


46-29 


43-65 


42-88 


42-12 


40-59 


e\ 


49-61 


47-20 


44-51 


43-78 


42-95 


41-89 


6^ 


60-56 


48-10 


45-86 


44-56 


48-77 


42-18 


69 


61-49 


48-99 


46-19 


45-88 


44-67 


42-95 


7 


52-40 


49-85 


47-01 


4618 


45-86 


43-71 


7i 


63-29 


60-70 


47-81 


46-97 


46-14 


44-46 


7i 


6417 


61-54 


48-60 


47-75 


46-90 


45-20 


7i 


66-04 


62-37 


49-38 


48-51 


47-66 


45-92 


8 


65-89 


63-18 


50-16 


4927 


48-89 


46-63 


81 


66-74 


63-98 


60-90 


60-01 


49-12 


47-88 


8^ 


67-56 


64-77 


51-64 


50-74 


49-83 


48-02 


8| 


68-38 


66-64 


62-38 


61-46 


50-54 


48-71 


9 


69-19 


66-31 


6310 


52-17 


61-24 


49-38 


H 


69-98 


67-07 


63-81 


52-87 


61-98 


50-04 


H 


60-76 


67-81 


64-51 


53-56 


52-60 


50-69 


9} 


61-64 


68-56 


65-22 


64-24 


68-27 


61-84 


10 


62-30 


69-28 


66-89 


64-92 


6394 


51-98 


lOi 


6806 


60-00 


6657 


55-58 


54-59 


52-61 


lOi 


63-80 


60-70 


67-24 


56-24 


55-24 


53-23 


lot 


64-54 


61-41 


67-90 


66-89 


55-87 


53-86 


11 


65-27 


62-10 


68-56 


67-68 


56-51 


64-45 


Hi 


65-99 


62-79 


59-70 


58-17 


57-13 


5506 


in 


66-71 


68-47 


59-84 


58-80 


67-75 


55-65 


Hi 


67-41 


64-14 


60-48 


59-42 


58-86 


56-24 


1 



n2 
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Table IL — For finding the velocities from the altitudes, 

AND THE altitudes FROM THE YELOCITIES. 

Altitudes I foot 0| inch to 6 feet 3 inches. 



' 


Coefficients of velocity and the 


coiresponding velocities of 


Altitudes A 




discharge in inches per second. 


• 


1. 
Values of 


2. 


8. 


4. 


5. 


6. 


in feet and 


v=27-8%/a; 


Coeific^. 


Coeffic*. 


Coeffic'. 


Coeffic^ 


Coeffic^ 


inchei. 


the theoretical 
velocity. 


•974. 


•966. 


-860. 


•815. 


•8. 


i 84 


98^288 


95-73 


9896 


84-58 


80-10 


7868 


1 1 


100^234 


97-63 


95-82 


86-20 


81^69 


80-19 


1 li 


102^144 


99-49 


97^65 


87-84 


8326 


8r7i 


1 2 


104018 


101-31 


99-44 


89-46 


84^77 


83-21 


1 2i 


106-859 


103-11 


101-20 


91-04 


86^28 


84-69 


1 8 


107^669 


104-87 


102-98 


92-60 


87^76 


8614 


1 Zk 


109^449 


106-60 


104-63 


94-18 


89-20 


87-56 


1 4 


111^200 


108-31 


106-31 


95-63 


90-63 


88-96 


1 H 


112-924 


109-99 


107-96 


97-11 


92-03 


90-84 


1 5 


114-622 


111-42 


109-58 


98-58 


93-42 


91^70 


1 5h 


116-296 


11327 


11118 


100-01 


94-78 


9304 


1 6 


117-945 


114-78 


112-76 


101-48 


96-18 


94-36 


1 7 


12M77 


ns^os 


115-85 


104-21 


98-76 


96 94 


1 8 


124325 


121^09 


118-86 


106-92 


101-33 


99-46 


1 9 


127-896 


124^08 


121-79 


109-66 


103-83 


101-92 


1 10 


130-394 


12700 


124-66 


11214 


106-27 


104-31 


1 11 


133-824 


129-86 


127-46 


114-66 


108-66 


106-66 


2 


136-192 


132-65 


130-20 


117-12 


111-00 


108-95 


2 U 


140-383 


18673 


134-21 


120-73 


114-41 


112-31 


2 8 


144-453 


140-70 


138-10 


124-23 


117-73 


116-56 


2 H 


148-411 


144-55 


141-88 


127-64 


120-96 


118-73 


2 6 


152267 


148-31 


145-67 


130-95 


124-10 


121-81 


2 7| 


156 027 


151-97 


149-16 


134-18 


12716 


12482 


2 9 


159-699 


155-55 


152-67 


137-34 


13016 


127-76 


2 104 


163-288 


15904 


15610 


140-43 


13380 


130-63 


8 


166-800 


162-46 


16946 


143-45 


135-94 


133-44 


8 U 


170-240 


165-81 


162^76 


146-41 


138-75 


13619 


3 3 


178-611 


169-10 


165-97 


149-31 


141-49 


138-89 


8 ^ 


176-918 


172 32 


169^18 


15215 


14419 


141-68 


8 6 


180-165 


176-48 


17224 


154-94 


146-83 


144-13 


8 74 


183-864 


178-59 


175-29 


157-68 


149-43 


146-68 


3 9 


186-488 


181-64 


178-28 


160-38 


151-99 


14919 


8 104 


189-571 


184-64 


181-23 


16303 


154^60 


151-66 


4 


192-604 


187-60 


184-18 


165-64 


156-97 


154-08 


4 2 


196-576 


191-46 


187-93 


169-06 


160-21 


157-26 


4 4 


200-469 


195-26 


191-65 


172-40 


163-88 


160-37 


4 6 


204-287 


198-98 


195-30 


175-69 


166-49 


163 43 


4 8 


208036 


20263 


198-88 


178-91 


169-55 


166-43 


4 10 


211-718 


206-21 


202-40 


182-08 


172-55 


169-37 


5 


215-338 


209-74 


205-86 


185-19 


175-50 


172-27 


5 3 


220-656 


214-92 


210-95 


189-76 


179-83 


17662 
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Table II. — Fob finding the yelocities from the altitudes, 

AND the altitudes FBOM THE VELOCITIES. 

AUitvdes 1 foot 0^ inch to 6 feet 3 inches. 



Coefficients of velocity and the corres 


ponding yelocities of 






discharge in inches per second. 




Altitudes h 


7. 


8. 


9. 


10. 


11. 


12. 


Coeffic*. 


Coeffic^ 


Coeffic^ 


Coeffic'. 


Coeffic^ 


Coeffic*. 


in feet and 


•7. 


*QQQ. 


•628. 


•617. 


•606. 


•584. 


inches. 


68-80 


65-46 


61-72 


60-64 


69-66 


67-40 


/ // 
1 0| 


70-16 


66-76 


62-96 


61-84 


60-74 


68-54 


1 1 


71-60 


6808 


64-16 


6302 


61-90 


59-66 


1 n 


72-81 


69-28 


65-32 


64-18 


6303 


60-76 


1 2 


74-10 


70-50 


66-48 


65-82 


64-15 


61-82 


1 2i 


76-37 


71-71 


67-62 


66-43 


65-26 


6^-88 


1 3 


76-61 


72-89 


68-73 


67-53 


66-33 


63-92 


1 8| 


77-84 


74-06 


69-83 


68-61 


67-34 


64-94 


1 4 


79-06 


76-21 


70-92 


69-67 


68-43 


65-96 


1 4J 


80-24 


76-34 


71-98 


70-72 


69-46 


66-94 


1 5 


81-41 


77-46 


73-08 


71-75 


70-48 


67-92 


1 5^ 


82-56 


78-65 


74-07 


72-77 


71-47 


68-88 


1 6 


84-82 


60-70 


76-10 


74-77 


73-43 


70-77 


1 7 


87-08 


82-80 


7808 


76-71 


75-34 


72-61 


1 8 


89-18 


84-86 


80-00 


78-60 


77-20 


74-40 


1 9 


91-28 


86-84 


81-89 


80-45 


7902 


7615 


1 10 


93-33 


88-79 


8373 


82-26 


80-79 


77-86 


1 11 


9533 


90-70 


85-63 


84-03 


82-53 


79-54 


2 


98-27 


93-50 


88-16 


86-62 


85-07 


81-98 


2 14 


101-12 


96-21 


90-72 


8913 


87-54 


84-36 


2 8 


103-89 


98-84 


93-20 


91-57 


89-94 


86-67 


2 44 


106-59 


101-41 


95-62 


93-96 


92-27 


88-92 


2 6 


109-22 


103-91 


97-99 


96-27 


94-56 


91-12 


2 74 


111-79 


106-36 


100-29 


98-63 


96-78 


93-26 


2 9 


114-30 


108-75 


102-54 


100-75 


9896 


96-36 


2 104 


116-76 


111-09 


104-76 


102-92 


101-08 


97-41 


3 


119-17 


113-38 


106-91 


106-04 


10317 


99-42 


8 14 


121-53 


115-62 


109-03 


10712 


106-21 


101-39 


3 3 


123-84 


117-83 


111-10 


10916 


107-21 


103-32 


3 44 


12612 


119-99 


113-14 


111-16 


109-18 


105-22 


3 6 


128-85 


122-11 


115-16 


11313 


111-11 


10708 


3 74 


130-54 


124-20 


117-11 


116-06 


113-01 


108-91 


3 9 


132-70 


126-25 


119-06 


116-97 


114-88 


110-71 


3 10]^ 


134-82 


128-27 


120-96 


118-84 


116-72 


112-48 


4 


137-60 


130-92 


123-46 


121-29 


119-12 


11480 


4 2 


140-33 


133-51 


126-89 


123-69 


121-48 


11707 


4 4 


143-00 


136-06 


128-29 


12605 


12380 


119-30 


4 6 


146-63 


138-66 


130-66 


128-36 


126-07 


121-49 


•4 8 


148-20 


141-00 


132-96 


130-63 


128-30 


123-64 


4 10 


160-74 


143-42 


135-23 


132-86 


130-49 


125-76 


5 


154-46 


146-96 


13867 


136-14 


133-72 


128-86 


6 3 



182 



THE DISCHAROB OF WATER FROM 



Table II. — For finding the velocities from the altitudes, 

AND the altitudes FROM THE VELOCITIES. 

Altitudes 6 feet 6 inches to IT feet. 







Coefficients of velocity, and the 


correspond 


ing velocities of 


Altitadet A 




discbarge in inchei 


1 per second. 




1. 
Values of 


2. 


8. 


4. 


5. 


6. 


in feet and 


t; = 27-8 VA, 


Coeffic*. 


Coeffie^ 


Coeffic^ 


Ooeffic^ 


Cocffic*. 


inches. 


the theoretical 


•974. 


•956. 


•86. 


•815. 


•8. 






velocity. 












5 


6 


225-848 


219-98 


215-91 


194-28 


184-07 


180-68 


5 


9 


230924 


224-92 


220-76 


198-59 


188-20 


184-74 


6 





235-891 


229-76 


226-51 


202-87 


192-25 


188-71 


6 


8 


240-755 


284-60 


23016 


207-05 


196-22 


192-60 


6 


6 


245-524 


239-14 


234-72 


211-15 


200-10 


196-42 


6 


9 


260-200 


243-69 


239-19 


216-17 


203-91 


200-16 


7 





264-791 


248-17 


243-58 


219-12 


207-66 


203-83 


7 


8 


269-301 


252-66 


247-89 


222-99 


211-88 


207-44 


7 


6 


263-734 


256-88 


262-13 


226-81 


214-94 


210-99 


7 


9 


268093 


261-12 


266-30 


230-66 


218-50 


214-47 


8 





272-383 


265-30 


260-40 


234-25 


22] -99 


217-91 


8 


3 


276-607 


269-41 


264-44 


237-88 


225-48 


221-29 


8 


6 


280-766 


273-47 


268-41 


241-46 


228-82 


224-61 


8 


9 


284-865 


277-46 


272-33 


244-98 


232-17 


227-89 


9 





288-906 


281-39 


276-19 


248-46 


236-46 


231-12 


9 


8 


292-891 


285-28 


280-00 


251-89 


238-71 


234-31 


9 


6 


296-823 


289-11 


283-76 


266-27 


241-91 


237-46 


9 


9 


300-708 


292-88 


287-47 


268-60 


245-07 


240-66 


10 





304-534 


296-62 


291-18 


261-90 


248-19 


243-63 


10 


3 


308-317 


300-30 


294-76 


26616 


261-28 


246-65 


10 


6 


312-054 


303-94 


297-32 


268-37 


264-32 


249-64 


10 


9 


315-747 


807-54 


30] -85 


271-54 


267-33 


262-60 


11 





319-398 


811-09 


806-34 


274-68 


260-31 


266-52 


11 


8 


323-007 


314-61 


808-79 


277-79 


262-25 


268-41 


11 


6 


326-576 


318-09 


812-21 


280-86 


266-16 


261-26 


11 


9 


830-107 


321-62 


315-68 


283-89 


269-04 


264-09 


12 





333-600 


324-93 


318-92 


286-90 


271-88 


266-88 


12 


8 


337-067 


328-29 


322-28 


289-87 


274-70 


269-65 


12 


6 


840-479 


331-63 


325-50 


292-81 


277-49 


272-38 


12 


9 


343-867 


834-98 


328-74 


295-73 


280-25 


275-09 


18 





347-222 


388-19 


831-94 


298-61 


282-99 


277-78 


18 


8 


360-645 


841-48 


335-12 


301-47 


286-69 


280-44 


13 


6 


863-836 


344-64 


338-27 


304-30 


288-88 


28307 


13 


9 


357-097 


347-81 


841-39 


307-10 


29108 


286-68 


U 





360-329 


350-96 


344-47 


309-88 


293-67 


288-26 


14 


6 


366-707 


357-17 


360-67 


315-37 


298-87 


293-37 


16 





872-976 


363-28 


866-57 


320-76 


803-98 


298-38 


15 


6 


379-141 


869-28 


862-46 


326-06 


309-00 


803-31 


16 





386-208 


375-19 


868-26 


331-28 


313-94 


308-17 


16 


6 


891-181 


381-01 


373-97 


336-42 


818-81 


312-94 


17 





397-063 


386-74 


379-59 


841-47 


323-61 


317-66 
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Table II. — For findjko the velocities from the altitudes, 

AND the altitudes FROM THE VELOCITIES. 

Altitudes 6 feet 6 inches to 17 feet. 



Coefficients of yelodty, and the correiiponding yelocitiei of 








discharge in 


inches per 


second. 




Altitudes k 


7. 


8. 


9. 


10. 


11. 


12. 


Coeffic'. 


Coeffic^ 


Coeffic'. 


Coeffic*. 


Ooeffic'. 


Coeffic'. 


in feet and 


•7. 


•666. 


-628. 


•617. 


-606. 


-584. 


inches. 


158*09 


150-41 


141-88 


189-35 


136-86 


131-90 


6 


6 


161-65 


158-80 


145-02 


142^48 


139-94 


184-86 


5 


9 


165*12 


157-10 


148-14 


145-55 


142-95 


137-76 


6 





168-53 


160-34 


151-19 


148-55 


145-90 


140-60 


6 


3 


171-87 


163-52 


154-19 


151-49 


148-79 


143-39 


6 


6 


175^14 


166-63 


157-18 


154-87 


151-62 


146-12 


6 





178-35 


169-69 


160-01 


157-21 


154-40 


148-80 


7 





181-51 


172-|69 


162-84 


159-99 


157-14 


161-43 


7 


8 


184-61 


176'65 


165-62 


162-72 


159-82 


154-02 


7 


6 


187-67 


178-55 


168-36 


165-41 


162-46 


166-67 


7 


9 


190^67 


181-41 


171-06 


16806 


165-06 


15907 


8 





193-62 


184-22 


173-71 


170-67 


167-62 


161-64 


8 


3 


196-54 


186-99 


176-32 


173-23 


170-14 


163-97 


8 


6 


199-41 


189-72 


178-90 


175-76 


172-63 


166-36 


8 


9 


202-23 


192-41 


181-43 


178-26 


176-08 


168-72 


9 





205-02 


195-07 


183-94 


180-71 


177-49 


171-06 


9 


3 


207-78 


197-68 


186-40 


183-14 


179-87 


173-34 


9 


6 


210-49 


200-27 


188-84 


185-53 


182-23 


175-61 


9 


9 


21817 


202-82 


191-25 


187-90 


184-56 


177-86 


10 





215-82 


205-34 


193-62 


190-23 


186-84 


180-06 


10 


8 


218-44 


207-83 


195-97 


192-54 


189-10 


182-24 


10 


6 


221-02 


210-29 


198-29 


194-82 


191-34 


184-40 


10 


9 


223-58 


212-72 


200-58 


197-07 


193-66 


186-63 


11 


• 


22610 


215-12 


202-85 


199-30 


195-74 


188-64 


11 


8 


228-60 


217-50 


205-09 


201-50 


197-91 


190-72 


11 


6 


281-07 


219-85 


207-31 


203-68 


200-04 


192-78 


11 


9 


233-52 


222-18 


209-50 


205-83 


202-16 


194-82 


12 





235-94 


224-48 


211-67 


207-96 


204-26 


196-84 


12 


3 


288-34 


226-76 


213-82 


21008 


206-33 


198-84 


12 


6 


240-71 


22902 


215-96 


212-17 


208-88 


200-82 


12 


9 


243-06 


231-25 


218-06 


214-24 


210-42 


202-78 


18 





245-88 


233-46 


220-14 


216-29 


212-43 


204-72 


13 


8 


247-69 


235-65 


222-21 


218-32 


214-42 


206-64 


13 


6 


249-97 


237-83 


224-26 


220-33 


216-40 


208-64 


13 


9 


252-23 


239-98 


226-29 


222-32 


218-36 


210-43 


14 





256-70 


244-23 


230-29 


226-26 


222-22 


214-16 


14 


6 


261-08 


248-40 


234-23 


230-13 


22602 


217-82 


15 





265-40 


252-51 


238-10 


233-93 


229-76 


221-42 


15 


6 


269-65 


256-55 


241-91 


237-67 


233-44 


224-96 


16 





273-83 


260-53 


245-66 


241-86 


287-06 


228-46 


16 


6 


277-94 


264-44 


249-36 


244-99 


240-62 


231-89 


17 
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Table II. — Fob finding the velooities fbom the altit^jdes, 

AND the altitudes FBOM THE YELOGITIES. 

AUUvdes 17 feet 6 inches to ^Ofeet, 





CoefficienU of Telocity, and the 


corresponding yelodties of 


Altitodes A 




discharge in inches per second. 




1. 
Values of 


2. 


8. 


4. 


6. 


6. 


in feet and 


V = 27-8 >/I, 


Coeffic^. 


Coeffic^. 


Ooeffic^ 


Ooeffic^ 


Coeffic^. 


inches. 


the theoretical 
Telocity. 


•974. 


•956. 


•86. 


•816. 


•8. 


1^ 6 


402-860 


392-39 


38513 


346-46 


828-33 


322-29 


18 


408-575 


397-95 


390-60 


351-37 


332-99 


326-86 


18 6 


414-211 


403-44 


395-99 


356*22 


837-58 


831-87 


19 


419-772 


408-86 


401-30 


36100 


342-11 


335-82 


19 6 


425-258 


414-20 


406-55 


366-72 


346-59 


340-21 


20 


430-676 


419-48 


411-73 


870-38 


351-00 


344-54 


20 6 


436-026 


424-69 


416-84 


374-98 


355-36 


348-82 


21 


441-311 


429-84 


421-89 


379-53 


359-59 


353-05 


21 6 


446-534 


434-92 


426-89 


384-02 


363-93 


357-23 


22 


451-697 


439-95 


431-82 


388-46 


368-13 


361-36 


22 6 


456-801 


444-92 


436-70 


392-85 


372-29 


365-44 


23 


461-848 


449-84 


441-53 


397-19 


376-41 


369-48 


23 6 


466-841 


450-70 


446-30 


401-48 


380-48 


373-47 


24 


471-782 


459-52 


451-02 


405-73 


884-50 


377-43 


24 6 


476-671 


464-28 


456-70 


409-94 


388-49 


381-34 


25 


481-510 


468-99 


460-32 


414-10 


892-43 


385-21 


25 6 


486-301 


473-66 


464-90 


418-22 


396-34 


389-04 


26 


491-046 


478-28 


469-44 


422-30 


400-20 


392-84 


26 6 


495-746 


482-86 


473-93 


426-34 


404-03 


396-60 


27 


500-40 


487-39 


478-38 


430-34 


407-83 


400-32 


27 6 


605-012 


491-88 


482-79 


434-31 


411-58 


404-01 


28 


509-582 


496-33 


48716 


438-24 


416-31 


407-67 


28 6 


514-112 


600-75 


491-49 


44214 


419-00 


411-29 


29 


618-602 


505-12 


496-78 


44600 


422-66 


414-88 


29 6 


523054 


609-45 


600-04 


449-83 


426-29 


418-44 


30 


527-468 


613-75 


604-26 


453-62 


429*89 


421-97 


80 6 


581-845 


518-02 


508-44 


457-39 


433-45 


425-48 


31 


636-187 


522-25 


612-59 


46112 


436-99 


428-95 


31 6 


640-494 


526-44 


516-71 


464-82 


440-50 


432-40 


32 


644-767 


530-60 


520-80 


468-50 


443-98 


435-81 


32 6 


649-006 


534-73 


524-86 


472-16 


447-44 


439*20 


33 


653-213 


538-83 


528-87 


475-76 


450-87 


442*57 


33 6 


657-388 


542-90 


532-86 


479-35 


454-27 


445*91 


34 


661-532 


546-93 


586-83 


482-92 


467*65 


449-23 


34 6 


665-646 


550-94 


640-76 


486-46 


461-00 


452-62 


35 


669-730 


654-92 


644-66 


489-97 


464*33 


455*78 


36 


577-812 


562-79 


652-39 


496-92 


470*92 


462-26 


37 


585-782 


570-55 


560-01 


603-77 


477-41 


468-68 


38 


593-646 


578-21 


567-53 


610-54 


483*82 


474-92 


89 


601-406 


585-77 


574-94 


517-21 


490-15 


481-12 


40 


609-067 


593-23 


582-27 


523-80 


496-39 


487-25 
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Table II. — Fob finding the yelooitiss from the altttudes, 

AND THE ALTITUDES FROM THE YEL00ITIE8. 

AUittides 17 feet 6 inches to 4,0 feet. 



Coefficients of velocity, and the correa 


ponding velocities of 








diacharge in inches per second. 




Altitudes h 


7. 


8. 


9. 


10. 


11. 


12. 


Coeffic^ 


Coeffic^ 


Coeffic^ 


Coeffic^. 


Coeffic^ 


Coeffic^ 


in feet and 


•7. 


•666. 


•628. 


•617. 


•606. 


•584. 


inches. 


28200 


268-30 


258-00 


248-56 


244-18 


235-27 


17 


6 


286-00 


272-11 


256-59 


252-09 


247-60 


238-61 


18 





289-95 


275-86 


260-12 


255-57 


251-01 


241-90 


18 


6 


298-84 


279-57 


263-32 


259-00 


254-38 


245-14 


19 





297-68 


283-22 


26706 


26238 


257-71 


248-85 


19 


6 


301-47 


286-83 


270-46 


265-78 


260-99 


251-51 


20 





305-22 


290-39 


273-82 


269-08 


264-28 


254-64 


20 


6 


308-92 


293-91 


27708 


272-23 


267-87 


257-67 


21 





312-67 


297-39 


280-42 


275-51 


270-60 


260-78 


21 


6 


316-19 


300-83 


283-67 


278-70 


273-78 


263-79 


22 





319-76 


804-23 


286-87 


281-85 


276-82 


266-77 


22 


6 


323-29 


307-59 


290-04 


284-96 


279-88 


269-72 


28 





326-79 


310-92 


29318 


288-04 


282-91 


272-64 


28 


6 


330-25 


314-21 


296-28 


291-09 


285-90 


275-62 


24 





833-67 


317-46 


299-35 


294-11 


288-86 


278-88 


24 


6 


337-06 


320-69 


302-39 


297-09 


291-80 


281-20 


25 





340-41 


323-88 


305-40 


800-05 


294-70 


284-00 


25 


6 


343-78 


327-04 


308-38 


802-98 


297-57 


286-77 


26 





347-02 


33017 


311-38 


305-87 


800-42 


289-52 


26 


6 


350-28 


833-13 


314-25 


308-75 


803-24 


292-23 


27 





358-51 


336-34 


317-15 


811-59 


80604 


294-93 


27 


6 


356-71 


839-38 


320-02 


314-41 


808-81 


297-60 


28 





359-88 


342-40 


322-86 


317-20 


311-55 


300-24 


28 


6 


363-02 


845-39 


325-68 


319-98 


314-27 


802-86 


29 





366-14 


848-35 


328-48 


322-72 


816-97 


805-46 


29 


6 


369-23 


351-29 


831-25 


825-45 


819-65 


808-04 


80 





872-29 


854-21 


334-00 


828-15 


822-80 


810-60 


80 


6 


875-33 


357-10 


336-73 


880-88 


324-98 


818-18 


81 





378-35 


859-97 


339*43 


833-48 


827-54 


815-60 


81 


6 


381-84 


862-81 


842-11 


336-12 


880-18 


818-14 


82 





384-30 


365-64 


844-78 


888-74 


332-70 


820-62 


82 


6 


887-25 


868-44 


847-42 


341-33 


885-25 


823-08 


33 





390-17 


871-22 


35004 


843-01 


837-78 


325-61 


88 


6 


398-07 


373-98 


352-64 


346-47 


840-29 


827-98 


34 





395-95 


376-72 


355-28 


849-00 


342-78 


830-84 


34 


6 


398-81 


379-44 


857-79 


351-52 


845-26 


382-72 


35 





404-47 


884-82 


862-87 


356-51 


35015 


337-44 


36 





410-05 


890-13 


867-87 


861-43 


354-98 


342-10 


37 





415-55 


395-37 


872-81 


366-28 


369-75 


346-69 


38 





420-98 


400-54 


877-68 


371-11 


864 45 


361-22 


89 





426-35 


405-64 


382-49 


875-79 


869-09 


365-70 


40 
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TABiiE III. — Square roots for finding the effects of the 

VELOCITY OF APPROACH WHEN THE ORIFICE IS SMALL IN PRO- 
PORTION TO THE HEAD. AlSO FOR FINDING THE INCREASE IN 
THE DISCHARGE FROM AN INCREASE OF HEAD. (See p. 55 



1 

No 


Square 


No ^ 


Square 


No. 


Square 


No. 


Square 


x\ \^» 


root. 


Ai v« 


root. 




root. 




root. 


1000 


1 -0000 


1-115 1 


0559 


1-475 


1-2141 


1-975 


1-4053 


1001 


10005 


1-120 1 


0583 


1-49 


1-2207 


1-99 


1-4107 


1002 


I-OOIO 


1 125 I 


0607 


1-5 


1-2247 


2-00 


1-4142 


1004 


I 0020 


113 1 


0630 


1-51 


1-2288 


201 


1-4177 


1005 


10025 


1135 I 


0654 


1-525 


1-2349 


2-025 


1-4230 


1006 


10030 


114 1 


0677 


1-54 


1-2410 


204 


1-4283 


1008 


10040 


1-145 1 


0700 


155 


1-2450 


205 


1-4318 


1009 


10044 


115 1 


0723 


1-56 


1-2490 


206 


1-4353 


1010 


10050 


1-155 1 


0747 


1-575 


1-2550 


2075 


1-4405 


1011 


10055 


1-16 1 


•0770 


1-58 


1-2570 


2-09 


1-4457 


1012 


10060 


1165 1 


0794 


159 


1-2610 


2-10 


1-4491 


1014 


1*0070 


117 1 


"0817 


1-6 


12649 


211 


1-4526 


1015 


10075 


1175 1 


•0840 


161 


1-2689 


2- 125 


1-4577 


1016 


10080 


118 1 


0863 


1-625 


1-2748 


2-14 


1-4629 


1018 


10090 


1-185 1 


0886 


1-64 


1-2806 


215 


1 -4663 


1019 


10095 


119 1 


0909 


1-65 


I -2845 


2 16 


1-4697 


1020 


10100 


1195 1 


0932 


1-66 


1-2884 


2-175 


1-4748 


10225 


10112 


1-2 1 


0954 


1-675 


12942 


2- 19 


1-4799 


1025 


10124 


1-21 1 


1000 


1-69 


1-3000 


22 


1-4832 


10275 


10137 


1-22 1 


1045 


1-7 


1-3038 


2-21 


I -4866 


103 


10149 


1-23 1 


lorn 


171 


1-3077 


2-225 


1-4916 


10325 


10161 


1-24 1 


1136 


1-725 


1-3134 


224 


1 -4937 


1035 


10174 


125 1 


1180 


1-74 


1-3191 


2-25 


1 -5000 


10375 


10186 


1-26 I 


1225 


1-75 


1 -3229 


226 


1-5033 


104 


1-0198 


127 1 


1269 


1-76 


13267 


2-275 


1-5083 


10425 


10210 


1-28 1 


1314 


1-775 


1 3323 


2-29 


15133 


1045 


1-0223 


1-29 1 


1358 


1-79 


1-3379 


2-3 


1-5166 


10475 


1-0235 


130 1 


1402 


1-80 


1-3416 


2-31 


1-5199 


105 


1-0247 


1-31 1 


1446 


1-81 


1-3454 


2325 


1-5248 


1055 


1-0271 


1325 1 


1511 


1-825 


13509 


2-34 


1-5297 


106 


1-0296 


134 1 


1576 


1-84 


1 -3565 


235 


1-5330 


1065 


1-0320 


1-35 1 


1619 


1-85 


1-3601 


2-36 


1 -6362 


107 


1-0344 


1-36 1 


1662 


1-86 


13638 


2-375 


1-5411 


1075 


1-0368 


1375 1 


1726 


1-875 


1-3693 


239 


1 -5460 


1-08 


1 0392 


139 1 


1790 


1-89 


1 -3748 


2-4 


1-5492 


1085 


1-0416 


1-40 1 


•1832 


1-9 


I -3784 


241 


1-5524 


109 


1-0440 


141 1 


1874 


191 


1-3820 


2-425 


15572 


1095 


1 0464 


1-425 1 


1937 


1-925 


1 -3875 


2-44 


1-5621 


11 


1-0488 


144 1 


2000 


191 


1-3928 


245 


L-5652 


1105 


1-0512 


145 I 


2042 


1-95 


1 -3964 


2-46 


1-5684 


11 10 


1 0536 


1-46 I 


2083 


1-96 


1 -4000 


2475 


15732 

1 



ORIFICES^ WEIRS, PIPES, AND RIVERS. 



187 



Table III. — Square roots for finding the effects of the 

VELOCITY OF APPROACH WHEN THE ORIFICE 18 SMALL IN PRO- 
PORTION TO THE HEAD. AlSO FOR FINDING THE INCREASE IN 
THE DISCHARGE FROM AN INCREASE OF HEAD. (See p. 55.) 



No. 


Square 


No. 


Square 


No. 


Square 


No. 


Square 




root. 




root. 




root 


A^ %^m 


root. 


2 49 


1-5780 


30000 


1-7321 


4-6 


2-1213 


26 


50990 


26 


1-5811 


3-025 


1-7393 


60 


2-2361 


27 


5-1962 


2-51 


1-5843 


3-05 


1-7464 


5-5 


2-3452 


28 


52915 


2525 


1-5890 


3075 


1-7536 


60 


2-4495 


29 


5-3852 


2-54 


1-5937 


3-1 


1-7607 


6-5 


2-5495 


30 


5-4772 


2-55 


1-5969 


3125 


1-7678 


70 


2-6458 


31 


5-5678 


2-56 


1-6000 


315 


1-7748 


75 


2-7386 


32 


5-6569 


2575 


1-6047 


3 175 


1-7819 


8-0 


2-8284 


33 


5-7446 


259 


1-6093 


32 


1-7889 


8-5 


2-9155 


34 


6-8310 


26 


1-6125 


3225 


1-7958 


90 


30000 


35 


59161 


2-61 


16155 


325 


1-8028 


9-5 


30822 


36 


6-0000 


2625 


1-6202 


3-275 


1 -8097 


10-0 


3-1623 


37 


60828 


264 


1-6248 


3-3 


1-8166 


10-5 


2-2404 


38 


6-1644 


265 


1-6279 


3325 


1-8235 


110 


3-3166 


39 


6-2450 


266 


16310 


3-35 


1-8303 


11-5 


3-3912 


40 


63246 


2675 


16355 


3-375 


1-8371 


12-0 


3-4641 


41 


6-4031 


269 


1-6401 


3 4 


1-8439 


12-5 


35355 


42 


6-4807 


2-7 


16432 


3425 


1-8507 


13-0 


3-6056 


43 


6-5574 


271 


1-6462 


345 


1-8574 


13-5 


3-6742 


44 


6-6332 


2725 


1-6508 


3-475 


1-86 U 


14-0 


3-7417 


45 


6-7082 


2 74 


1-6553 


35 


1-8:08 


14-5 


3-8079 


46 


6-7823 


275 


1-6583 


3525 


1-8775 


150 


3-8730 


47 


6-8557 


2-76 


1-6613 


355 


1-8841 


15-5 


3-9370 


48 


69282 


2-775 


1-6658 


3575 


1-8908 


160 


40000 


49 


7-0000 


2-79 


1-6703 


3-6 


1-8974 


16-5 


40620 


50 


7 0711 


28 


1-6733 


3625 


1-9039 


17-0 


4 1231 


51 


71414 


2-81 


1-6763 


3-65 


1-9105 


17-5 


41833 


52 


7-2111 


2-825 


1-6808 


3-675 


1-9170 


180 


4-2426 


53 


7-2810 


2-84 


1-6852 


37 


1-9235 


18-5 


43012 


54 


7-3485 


2-85 


1-6882 


3-725 


1-9300 


190 


43589 


55 


7-4162 


2-86 


1-6912 


3-75 


19365 


19-5 


4-4159 


56 


74833 


2875 


1-6956 


3-775 


1-9429 


200 


4-4721 


57 


7-5498 


2-89 


17000 


3-8 


1-9494 


2-05 


4-5277 


58 


7-6158 


29 


1-7029 


3-825 


1-9558 


21-0 


4-5826 


59 


7-6811 


2-91 


1-7059 


3-85 


1-9621 


21-5 


4-6368 


60 


7-7460 


2925 


1-7103 


3-875 


1-9685 


220 


4-6904 


61 


7-8102 


2-94 


17146 


39 


1 -9748 


22-5 


4 7434 


62 


7-8740 


295 


1-7176 


3925 


19812 


230 


4-7958 


63 


7 9373 


296 


1 -7205 


395 


1-9875 


235 


4-8477 


64 


8-0000 


2975 


1-7248 


3975 


1 -9938 


24 


4-8990 


65 


80623 


299 

- 


1-7292 ; 

1 


4-0 


2 0000 


250 


50000 


66 


8-1 240 

1 
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Table IY. — For finding the discharge through rectangular orifices; 

h 
IN which n=:-j. Also for finding the effects of the velocity 

OF APPROACH TO WEIRS, AND THE DEPRESSION ON THE CREST. (See p. 55.) 



1+* 


J 


(1 + »)i 


a+»)*-«* 


1+n. 


ni 


(l + «)' 


(l + »)*-*' 


1000 


•0000 


10000 


10000 


1115 


•0390 


1-1774 


1-1384 


1001 


•0000 


10015 


10015 


1120 


•0416 


11853 


1*1437 


1002 


•0001 


10030 


10029 


1125 


•0442 


11932 


1-1491 


1004 


•0003 


10060 


10058 


113 


•0469 


12012 


1*1543 


1005 


•0004 


10075 


10072 


1135 


•0496 


1-2092 


11596 


1006 


•0005 


10090 


10086 


114 


•0524 


12172 


1-1648 


1008 


•0007 


10 120 


10113 


1145 


•0552 


1*2251 


1*1700 


1009 


•0009 


10135 


10127 


115 


0581 


1*2332 


11751 


1010 


•0010 


10150 


10140 


1155 


•0610 


1*2413 


11803 


1011 


•0012 


10165 


10154 


116 


•0640 


1*2494 


11854 


1012 


•0013 


10181 


10167 


1165 


•0670 


1*2574 


11904 


1014 


•0017 


10211 


10194 


117 


•0701 


1*2655 


11955 


1016 


•0018 


102^26 


10207 


1175 


•0732 


1*2737 


1*2005 


1016 


•0020 


10241 


10221 


118 


•0764 


1-2818 


1-2054 


1018 


•0024 


10271 


10247 


1-185 


•o:96 


1*2900 


1*2104 


1019 


•0026 


10*286 


10260 


1-19 


•0828 


1-2981 


1*2153 


1020 


•0028 


10301 


1 0273 


1-195 


•0861 


1*3063 


1*2202 


10225 


•0034 


10339 


1-0306 


12 


•0894 


1*3146 


12251 


1 025 


•0040 


10377 


10338 


121 


•0962 


1-3310 


1-2348 


10275 


•0046 


10415 


10370 


1-22 


-1032 


13475 


1*2443 


103 


•0052 


10453 


10401 


1-23 


•1103 


1*3641 


12538 


10325 


0059 


10491 


10433 


124 


•1176 


1*3808 


1-2632 


1035 


•0065 


10530 


1 0464 


125 


•1250 


1*3975 


12725 


10375 


•0073 


10568 


10495 


126 


•1326 


14143 


1*2818 


1-04 


•0080 


10606 


10326 


1-27 


-1403 


1*4312 


12909 


10425 


•0088 


1 06 44 


10557 


1*28 


•1482 


1*4482 


13000 


1045 


•0095 


10683 


10587 


129 


-1662 


1*4652 


13090 


10475 


•0104 


10721 


10617 


130 


•1643 


1*4822 


13179 


105 


•0112 


1 0759 


10648 


131 


•1726 


1*4994 


1 3268 


1055 


•0129 


10836 


10707 


132> 


•1863 


1-5252 


1-3399 


106 


•0147 


1*0913 


10766 


134 


•1983 


1-5512 


13529 


1065 


•0166 


10991 


10825 


1*35 


•2071 


1*5686 


13615 


107 


•0185 


11068 


10883 


1*36 


•2160 


1*5860 


13700 


1075 


•0-205 


11146 


10940 


1-375 


•2296 


1*6123 


1-3827 


108 


•0226 


11224 


10997 


1-39 


•2436 


1*6388 


1-3952 


1085 


•0248 


1*1302 


11 054 


1-40 


-2530 


1*6665 


1-4035 


109 


•0270 


1*1380 


llllO 


141 


•2625 


1*6743 


1-4118 


1095 


•0293 


11458 


1 1 166 


1425 


•2771 


1*7011 


1 4240 


11 


•0316 


11537 


11221 


144 


•2919 


1*7280 


14361 


M05 


•0340 


11616 


11275 


1*45 


3019 


1*7460 


14442 


1 110 


•0365 


11695 


11 330 


146 


3120 


1*7641 


14521 



Values of n from to '46. 



[CoiUinued on next page. 
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Table IY. — Fob finding the disghaboe thbough beotangulab obifioes; 
IN which n =: -t- Also fob finding the effects of the telocitt 
OF appboach to weibs, &c. (See p. 65.) 



l+» 


ni 


(!+«)* 


(i + n)i-J 


1 + n 


J 


(l+«)' 


(1+n)*- J 


1-476 


•3274 


1 -7914 


1-4640 


1-976 


•9627 


2-7756 


1*8128 


1-49 


-3430 


1-8188 


1-4768 


1-99 


-9860 


2-8072 


1*8222 


16 


-3636 


1-8371 


1-48-36 ; 


2- 


1-0000 


2-8284 


1-8284 


1-61 


-3642 


18666 


1*4913 


2-01 


10150 


2 8497 


1-8346 


1-626 


-3804 


1 -8832 


1-6028 


2-026 


10377 


2-8816 


1-8439 


1-64 


-3968 


1-9111 


1-6143 


204 


1-0606 


2-9137 


1-8631 


1-66 


•4079 


1-9297 


1-6218 


2-05 


1 0769 


2-9352 


1 -8692 


1-66 


•4191 


1-9484 


1-6294 


2*06 


1-0913 


2-9567 


1 -8653 


1-676 


•4360 


1-9766 


1*6406 


2-076 


11 146 


2-9890 


1-8744 


1-68 


•4417 


1 -9860 


1-6443 


2-09 


11380 


3-0215 


1-8836 


1-69 


-4632 


20049 


1-6617 : 


2-10 


11537 


3-0432 


1 -8896 


1-6 


-4648 


20239 


1-6691 i 


2-U 


1-1695 


3-0660 


1-8955 


1-61 


•4764 


20429 


1-6664 ! 


2126 


1-1932 


3-0977 


1-9046 


1-626 


•4941 


2 0716 


1-6774 


214 


12172 


3-1306 


1*9134 


1-64 


-6120 


2^1002 


1-6882 


216 


1-2332 


31626 


1-9193 


1-66 


-6240 


21196 


1*6964 


216 


1-2494 


3-1746 


1*9*252 


1-66 


-6362 


21388 


1 '6026 


2176 


1*2737 


3-2077 


19340 


1-676 


-6546 


21678 


1*6132 


219 


1-2981 


3-2409 


1*94-28 


1-69 


•6732 


21970 


1-6238 


22 


1-3145 


3-2631 


1-9486 


1-7 


-6867 


22165 


1-6309 


2-21 


1-3310 


3-2854 


1-9544 


1-71 


-6983 


2-2361 


1 -6379 


22-i5 


1-3568 


3-3189 


1-9631 


1-726 


•6173 


22666 


1*6483 


S-24 


13808 


3-3525 


1-9717 


1-74 


-6366 


2-2952 


1-6586 


226 


1 -3975 


3-3750 


1-9776 


1-76 


•6496 


23160 


1 -6()65 


226 


1-4143 


3-3975 


1-9832 


1-76 


'6626 


2-3349 


1-6724 


2-276 


1-4397 


3-4314 


1-9917 


1-776 


-6823 


2-3648 


1-6826 


229 


l-46o2 


3-4654 


20002 


1-79 


-7022 


2-3949 


1-6927 


2-3 


1-4822 


3-4881 


2*0059 


1-80 


•7166 


2-4150 


1-6994 


231 


1-4994 


3-6109 


2-0116 


1-81 


-7290 


2-4351 


1-7061 


2326 


1*6262 


3-5451 


2-0200 


1 -826 


-7493 


2-466 i 


1-7161 


234 


1*6512 


3-5796 


2-0284 


1-84 


-7699 


2-4969 


17260 


2-35 


1*6686 


3*6026 


2-0339 


1-86 


-7837 


2*6163 


1-7326 


2-36 


1*5860 


3-6255 


20395 


1-86 


-7976 


26367 


1-7392 


2375 


1*612:^ 


3-6601 


2-0478 


1-876 


•8186 


2-6674 


1-7490 


239 


1 6388 


3*6948 


2-0561 


1-89 


8396 


2-5983 


1-7587 


2-4 


1-6505 


3-7181 


2-0616 


1-9 


•8638 


2-6190 


1-7652 


2-41 


16743 


3-7413 


2-0670 


1-91 


-8681 


2*6397 


1-7716 


2-425 


1-7011 


3-7763 


20752 


1-926 


-Ji896 


2*6709 


1-7813 


244 


l-:280 


3-8114 


20834 


1-94 


•9114 


2*7021 


1-7907 


2 46 


1-7460 


3-8349 


2-0888 


1-96 


•9269 


2-7-i30 


1-7971 


2-46 


1-7641 


3*8684 


20942 


1-96 


•9406 


2-7440 


1*8034 


2-475 


1-7914 


38937 


2-1023 



Values of n from -475 to 1*475. 



[.Continued on next page. 
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Table IV. — For finding the discharge through rectangular orifices; 

^ A 

in which n = -}• Also for finding the effects of the velocity of 

d 

approach to weirs, &c. (See p. 55.) 



l + ». 


A 


(1 + n)\ 


(l+»)?-.nl 


1 
l + ft. 


A 


(1 + n)l 


(14-^)1 _ J. 


2-49 


1-8188 


3-9292 


2- 1104 


3 


2-8284 


5-1962 


23677 


2-6 


1-8371 


3-9528 


21 157 


3 025 


2-8816 


52612 


23796 


2-51 


1-8555 


3-9766 


21211 


3 05 


29352 


53266 


23914 


2-626 


1-8832 


4-0123 


2 1291 


3 075 


2-9890 


53922 


2-4032 


2-64 


1-9111 


4-0481 


2- 1370 


31 


3-0432 


54581 


24149 


2-55 


1-9297 


40720 


2- 1423 


3125 


3-0977 


55243 


2-4266 


2-56 


1-9484 


4-0960 


2 1476 


3 15 


3-1525 


5-5907 


2-4382 


1 2-575 


1-9766 


4-1321 


2- 1554 


3-175 


3-2077 


5-6574 


24497 


2-59 


20049 


4-1682 


21633 


32 


32631 


57243 


2-4612 


2-6 


20239 


4-19-24 


2- 1685 


3225 


3 3189 


57915 


2-4726 


2-61 


i 2-04-29 


4-2166 


2- 1717 


325 


33750 


5-8590 


2-4840 


2-625 


2-0715 


4-2530 


21815 


3275 


34314 


5-9268 


24953 


2-64 


2-1002 


4-2895 


21893 


3-3 


3-4881 


5-9947 


2-5066 


2-65 


21195 


4-3139 


21944 


3325 


35451 


6-0630 


25179 


2-66 


2-1388 


4-3383 


21996 


335 


3-6025 


6-1315 


2-5290 


2-675 


2-1678 


4-3751 


2-2073 


3375 


3-6601 


6-2003 


2 5401 


2-69 


2-1970 


4-4119 


2-2149 


34 


3-7181 


62693 


2 5512 


2-7 


2-2165 


4-4366 


2-2-200 


3 425 


37763 


63386 


2-5623 


2-71 


2-2361 


4-4612 


22251 


3 45 


3-8349 


6-4081 


25732 


2-725 


2-2656 


4-4983 


22327 


3-475 


3-8937 


6-4779 


2-5842 


2-74 


2-2952 


4-5355 


2-2403 


35 


3-9528 


65479 


2-5951 


2-75 


2-3150 


4-5604 


2-2453 


3525 


4-0123 


6-6182 


26059 


2-76 


2-3349 


4-5853 


2-2504 


3 55 


40720 


6-6887 


26167 


2-775 


2-3648 


4-6227 


22579 


3-575 


41321 


67595 


2-6274 


2-79 


2-3949 


4-6602 


2-2654 


36 


4-1924 


6-8305 


2-6381 


2-8 


2-4150 


1-6853 


2-2703 


3625 


4-2530 


6 9018 


26488 


2-81 


2-1351 


4-7104 


22753 


3 65 


4 3139 


69733 


26594 


2-825 


2-4654 


4-7482 


2-2827 


3 675 


4-3751 


7-0451 


2-6700 


2-84 


2-4959 


4-7861 


2-2902 


3 7 


4-4366 


71171 


2-6805 


2-85 


2-5163 


4-8114 


2 2951 


3 725 


4-4983 


7- 1893 


2 6910 


2-86 


2-5367 


4-8367 


2-3000 


375 


45604 


7-2618 


2-7015 


2-875 


2-5674 


4-8748 


2-3074 


3775 


462-27 


73346 


2-7119 


2-89 


2-5983 


4-9130 


23147 


3-8 


4-6853 


7-4076 


2-7223 


2-9 


2-6190 


4-9385 


23196 


3-825 


47482 


7-4808 


2-7326 


2-91 


2-6397 


4-9641 


23244 


3-85 


4 8114 


76542 


2-7429 


2-925 


2-6708 


5-0025 


23317 


3-875 


4-8748 


7-6279 


2-7631 


2-94 


2-7021 


5-0411 


23389 


3-9 


4-9385 


7-7019 


2-7634 


2-95 


2-7230 


5*0668 


2-3438 


3-925 


5-0025 


7-7761 


27736 


2-96 


2-7440 


5-0926 


2-3486 


395 


5-0668 


7-8505 


2-7837 


2-975 


2-7:56 


5-1313 


2-3558 


3-975 


51313 


7-9251 


2-7938 


2-99 


2-8072 


5-1702 


2-3630 


4- 


51962 


8- 


2-8038 



Values of n from 1-49 to 3. 



lOmtinued on next page. 
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Table IV. — For finding the discharge through rectangular orifices; 

IN which n = j- Also for finding the effects of the velocity of 

a 



approach to weirs, <fec. (See p. 56.) 



1 

1 + w. 


n\ 


(1 + n)\ 


(l_|-n)'- J. 


1 + 


n. 1^, 


(1 + n)i. 


(l-(-n)*_J. 


4-5 


65479 


9-5459 


2-9980 


26 


1250000 


132 5745 


7 5745 


5-0 


80000 


111803 


31803 


27 


132 5745 


140-2961 


7 7216 


5-5 


95459 


12-8986 


3-3527 


28 


140-2961 


148 1621 


78660 


60 


111803 


14-6969 


35166 


29 


148-1621 


1561698 


8-0077 


65 


12-8986 


16-5718 


36732 


30 


156-1698 


164-3168 


8 1470 


70 


14-6969 


18-5203 


38234 


31 


164-3168 


172-6007 


8-2839 


75 


16-5718 


20-5396 


39678 


32 


172-6007 


181-0193 


8-4186 


80 


18-5203 


226274 


41071 


33 


• 181-0193 


189-5706 


8-5513 


85 


20-5396 


24-7815 


42419 


34 


189-5706 


198-.>524 


8-6818 


90 


22-6274 


270000 


43726 


35 


• 198-2524 


2070628 


8-8104 


95 


24-7815 


29-2810 


4-4995 


36 


207-0628 


216-0000 


89372 


100 


270000 


31-6228 


4-6228 


37 


• 2160000 


2250622 


9-0622 


10-5 


29-2810 


34 0239 


4-7429 


38 


■ 2250622 


234-2477 


9-1855 


110 


31-6228 


36-4829 


4-8601 


39 


2342477 


2 13-5549 


93072 


115 


34-0239 


38-9984 


49745 


40 


2435549 


•252-9822 


94273 


12 


36-4829 


41-5692 


5-0863 


41 


252-9822 


262-5281 


95459 


12-5 


38-9984 


44-1942 


5-1958 


42 


262-5281 


272 1911 


9-6*630 


130 


41-5692 


46-8722 


5-3030 


43 


272 1911 


281-9699 


9-7788 


13 5 


44-1942 


49-6022 


5-4080 


44 


■ 281-9699 


291-8630 


9-8931 


140 


46-8722 


523832 


5-5110 


45 


• 291-8630 


301-8692 


10-0062 


14-5 


49-6022 


55-2144 


5 6122 


46 


301-8692 


311-9872 


101180 


150 


52-3832 


58-0947 


5-7115 


47' 


3 1 1 -9872 


322-2158 


10-2286 


155 


55-2144 


610236 


5-8092 


48 


322-2158 


332-5538 


10-3380 


160 


58-0947 


64- 


5-9053 


49 


332-5538 


343-0000 


10-4462 


165 


61-0236 


670247 


6-0011 


50 


3430000 


353-5534 


10-5534 


170 


64- 


70-0928 


6-0928 


51 


353-5)34 


364-2128 


10-6594 


17*5 


670247 


73-2078 


6- 1831 


52 


364-2128 


374-9773 


10-7645 


180 


70,0928 


763675 


6-2747 


53 


374 9^73 


385-8458 


10-8685 


18-5 


73-2078 


795715 


63637 


51 


385-8458 


396-8173 


109715 


190 


76-36:5 


82-8191 


6-4.516 


55 


3968173 


407*8909 


11-0736 


19 5 


79-5715 


86- 1097 


65382 


56 


407-8909 


419-0656 


11-1747 


200 


82-8191 


89-4427 


6-6236 


57 


419-0656 


430-3406 


11-2750 


20-5 


86-1097 


92-8177 


6-7080 


58 


430-3406 


441-7148 


113742 


210 


89-4427 


96 2341 


6-7914 


59 


441-7148 


453-1876 


11 -4728 


21-5 


92-8177 


99-6914 


6-8737 


60 


453-18:6 


464-7580 


1 1-5704 


220 


96 2341 


103-1892 


6-9551 


61 


464-7580 


476-4252 


11-6672 


22-5 


99-6*914 


106-7269 


7-0355 


62 


4764252 


4B8-1885 


11-7633 


23- 


1031892 


110-3041 


7-1149 


63 


-^ 88- 1885 


500-0470 


11-8585 


235 


106-7269 


1 13-9205 


7-1936 


64 


500-0470 


512-0000 


11-9530 


24* 


110-3041 


117 5755 


7-2714 


65 


512-0000 


524*0468 


12-0468 


25- 


117 5755 


125- 


7-424) 


66 


524-0468 


536 1865 


12 1397 



Values of n from 3*5 to QQ, 
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Table V. — Goefficieiyts of dischaboe fob different ratios 

of the channel to the orifice. 

CoeffidenU for heads in atiU water '550 and '573. 





Coefficient '550 for heads in 


Coefficient '678 for heads in 








ftill water. 






still water. 


1 




Ratio of 


Coefficients 


Coefficients 


Ratio of 


Coefficients 


Coefficients 




Ratio 


the height 


for orifices : 


for weirs: 


the height 


for orifices : 


for weirs : 




of the 


due to the 


the heads 


the heads 


due to the 


the heads 


the heads 




channel 


Telocity of 


measored 


measured 


Telocity of 


measured 


measured 




to the 


approach 


to the 


thefaU 


approach 


to the 


the fiill 




orifice. 


to the head. 


centres. 


depth. 


to the head. 


centres. 


depth. 




80- 


•000 


•660 


'660 


•000 


•678 


•673 




20- 


•001 


•660 


•661 


•001 


•678 


•674 




16- 


•001 


•660 


•661 


•001 


•678 


•574 




lo- 


•008 


•661 


'662 


'003 


•674 


•676 




o- 


•004 


•661 


•668 


•004 


'674 


•576 




s' 


•006 


•661 


•664 


•006 


•674 


•677 




7- 


•006 


•662 


•666 


•007 


•676 


•678 




6- 


-008 


•662 


•667 


•009 


•676 


•680 




5-5 


•010 


•668 


•658 


•Oil 


•676 


•682 




6-0 


•012 


•668 


•659 


•018 


•677 


•684 




4-5 


016 


•664 


•662 


•016 


•678 


•686 




40 


•019 


•666 


•566 


•021 


•679 


•689 




8-75 


•022 


•666 


•666 


•024 


•580 


•692 




8-50 


•026 


•667 


•669 


•028 


•681 


•694 




8-25 


•029 


•668 


•672 


•032 


•682 


•698 




80 


•086 


•669 


•676 


•038 


•684 


•602 




2-75 


•042 


•661 


•680 


•046 


•686 


•607 




2-60 


•061 


•664 


•686 


•066 


•689 


•614 




2-25 


•064 


•667 


•694 


•069 


•698 


•628 




200 


•082 


•672 


•606 


•089 


•698 


•636 




1-96 


•086 


'678 


•609 


•094 


•699 


•689 




1-90 


'091 


'676 


•612 


•100 


•601 


•648 




1'85 


•097 


•676 


•616 


•106 


•608 


•647 




1-80 


•108 


'678 


•619 


•118 


•604 


•661 




1-76 


•110 


•679 


•628 


•120 


•606 


•666 




1-70 


•117 


•681 


•627 


•128 


•609 


•660 




166 


•126 


•688 


•632 


•137 


•611 


•666 




1-60 


•184 


•686 


•637 


•147 


•614 


•671 




1-65 


•144 


•688 


•648 


•158 


•617 


•678 




1-60 


•166 


•691 


•649 


•171 


•620 


•685 




1-45 


•168 


•694 


•666 


•186 


•624 


•694 




1-40 


•188 


•698 


•664 


•201 


•628 


•708 




1-85 


•199 


•602 


•678 


•220 


•683 


•718 




1-80 


•218 


•607 


•688 


•241 


•688 


•724 




1-25 


•240 


•612 


•696 


•266 


•646 


•787 




1-20 


•266 


•619 


•707 


•296 


•662 


•768 




1-15 


•297 


•626 


•728 


•330 


•661 


•770 




1-10 


•888 


•686 


•741 


•872 


•671 


•791 




1-05 


•878 


•646 


•762 


•424 


•684 


•816 




100 


•434 


•659 


'787 


•489 


•699 


•845 





See the auxiliary table, p. 68. 
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Table V. — Coefficients of discharge fob different ratios 

OF THE CHANNEL TO THE ORIFICE. 

. Coefficients for heads in stiU water '584 and '595. 





Coefficient *584 for heads in 


Coefficient ^696 for heads in 


RAtio 
of the 




still water. 






still water. 




Ratio of 


Coefficients 


Coefficients 


Ratio of 


Coefficients 


Coefficients 


channel 


the height 


for orifices : 


far weirs : 


the height 


for orifices : 


for weirs : 


to the 


due to the 


the heads 


the heads 


due to the 


the heads 


the heads 


orifice. 


velocity of 


measured 


measured 


velocity of 


measured 


measured 




approach 


to the 


thefiiU 


approach 


to the 


the full 


■ 


to the head. 


centres. 


depth. 

1 


to the head. 


centres. 


depth. 


30- 


•000 


•584 


•684 


•000 


•695 


•695 


20- 


•001 


•584 


•585 


•001 


•595 


'696 


15- 


•002 


•584 


•585 


•002 


•695 


•696 


10- 


•003 


•685 


•587 


•004 


•696 


•598 


90 


•004 


•585 


•588 


•004 


•696 


•699 


80 


•005 


•586 


•588 


•006 


•697 


•600 


70 


•007 


•586 


•690 


•007 


•697 


•601 


60 


•010 


•587 


•692 


•010 


•698 


•603 


6-5 


•Oil 


•587 


•593 


•012 


•699 


•605 


.60 


•014 


•588 


•695 


•014 


•699 


'607 


4-5 


•017 


•589 


•698 


•018 


•600 


'610 


4-0 


•022 


•590 


•601 


•023 


•602 


•613 


8-75 


•025 


•591 


•604 


•026 


•603 


•616 


8-50 


•029 


•592 


•606 


•030 


•604 


•619 


3-25 


•033 


•694 


•610 


•035 


•605 


•622 


8-0 


•039 


•595 


•614 


•041 


•607 


•627 


2-75 


•047 


•598 


•620 


•049 


•609 


•633 


2-50 


•058 


•601 


•627 


•060 


•613 


•641 


2-25 


•072 


•6Q5 


•637 


•075 


•617 


•661 


20 


•093 


•611 


•651 


•097 


•623 


•666 


1-95 


•099 


•612 


•654 


•103 


•625 


•669 


1-90 


•104 


•614 


•660 


•109 


•627 


•673 


1-85 


•111 


•615 


•662 


•115 


•628 


•678 


1-80 


•118 


•617 


•666 


•123 


•630 


•682 


1-76 


•125 


•620 


•671 


•131 


•633 


•687 


1-70 


•134 


•622 


•676 


•140 


•635 


•693 


1-66 


•143 


•624 


•682 


•149 


•638 


•699 


1-60 


•154 


•627 


•689 


•160 


•641 


•706 


1-65 


•166 


•631 


•696 


•173 


•644 


•713 


1-60 


•179 


•634 


•703 


•187 


•648 


•721 


1-45 


•194 


•638 


•712 


•202 


•652 


•730 


1-40 


•211 


•643 


•722 


•220 


•657 


•741 


1-35 


•230 


•648 


•732 


•241 


•663 


•762 


1-30 


•253 


•664 


•745 


•265 


•669 


•765 


1-25 


•279 


•661 


•759 


•293 


•677 


•780 


1-20 


•310 


•669 


•775 


•325 


•685 


•797 


1-15 


•348 


•678 


•794 


•366 


•695 


•818 


1-10 


•393 


•689 


•816 


•414 


•707 


•842 


1-05 


•448 


•703 


•842 


•473 


•722 


•870 


100 


•518 


•719 


•874 


•548 


•740 


•905 



See the auxiliary table, p. 68. 
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Table V. — Coefficients of discharge for different ratios 

OP THE CHANNEL TO THE ORIFICE. 

Coefficients for heads in still water '606 and "6 17. 





CoefBcient '606 for heads in 


Coefficient ^617 for heads in 




still water. 




still water. 


Ratio 
of the 










Ratio of Coei 


fficients 


Coefficients 


Ratio of 


Coefficients 


Coefficients 


channel 


the height for < 


)rifice8 : 


for weirs : 


the height 


for orifices : 


for weirs : 


• to the 


due to the the 


heads 


the heads 


dae to the 


the heads 


the heads 


orifice. 


velocity of me 


asnred 


measured 


Telocity of 


measured 


measured 




approach t< 


)the 


the fuU 


approach 


to the 


the fuU 




to the head, cei 


Qtres. 


depth. 


to the head. 


centres. 


depth. 


80- 


•000 


•606 


•606 


•000 


•617 


•617 


20- 


•001 


•606 


•607 


•001 


•617 


•618 


16- 


•002 


■607 


•607 


•002 


.•618 


•619 


10- 


•004 


'607 


•609 


•004 


•618 


•620 


90 


•005 


•607 


•610 


•005 


•618 


•621 


8-0 


•006 


608 


•611 


•006 


•619 


•622 


7-0 


•008 


608 


•612 


•008 


•619 


•624 


6-0 


•010 


609 


•615 


•Oil 


•620 


•626 


6-6 


•012 


'610 


•616 


•013 


•621 


•628 


60 


•015 


611 


•619 


•015 


•622 


•630 


4-6 


•018 


'612 


•621 


•019 


•623 


•638 


4-0 


•023 


•613 


•625 


•024 


•624 


•687 


8-76 


•027 


'614 


•628 


•028 


•626 


•640 


3-50 


•031 


'615 


•631 


•032 


•627 


•643 


3-25 


•036 


•617 


•635 


•037 


•628 


•647 


3-00 


•043 


•619 


•640 


•044 


•630 


•653 


2-75 


•061 


•621 


•646 


•053 


•68a 


•660 


2-50 


•062 


•625 


•654 


•065 


•637 


•668 


2-25 


•078 


•629 


•665 


•081 


•642 


•679 


200 


•101 


•636 


•681 


•105 


•649 


-^^Q 


1-95 


•107 


•638 


•685 


•111 


•650 


•700 


1-90 


•113 


639 


•689 


•118 


•652 


•704 


1-86 


•119 


•641 


•698 


•125 


•654 


•709 


1-80 


•128 


644 


•698 


•133 


•657 


•714 


1-76 


•136 


646 


•708 


•142 


•659 


•720 


1-70 


•146 


649 


•709 


•152 


•662 


•726 


1-65 


•156 


652 


•716 


•163 


•666 


•788 


1-60 


•167 


665 


•728 


•175 


•669 


•741 


1-65 


•180 


658 


•731 


•188 


•673 


•749 


1-50 


•195 


662 


•739 


•204 


•677 


•769 


1-45 


•212 


•667 


•749 


•221 


•681 


•768 


1-40 


•281 


•672 


•760 


•241 


•687 


•780 


1-85 


•252 


•678 


•772 


•264 


•694 


•798 


1-80 


•278 


•685 


•786 


•291 


•701 


•808 


1-26 


•807 


•693 


•808 


•822 


•709 


•826 


1-20 


•842 


•702 


•821 


•859 


•719 


•846 


M6 


•884 


718 


•848 


•404 


•781 


•868 


, 1-10 


•486 


726 


•868 


•459 


•746 


•896 


1-05 


•499 


742 


•898 


•627 


•768 


•928 


1-00 


•580 


762 


•986 


•615 


•784 


•969 



See the snziliary teUe, p. 68. 
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Table V. — Coefficients of discharge for different ratios 

of the channel to the orifice. 

Mean Coefficient '628. 

Coefficients for heads in still water '628 and '639. 







Coefficient •628 for heads in 


Coefficient '639 for heads in 




Ratio 
of the 


still water. 




still water. 






Ratio of Coefficients 


Coefficients 


Ratio of 


Coefficients 


Coefficients 




channel 


the height 


for orifices : 


for weirs : 


the height 


for orifices : 


for weirs: 




to the 

• /ft 


due to the 


the heads 


the heads 


due to the 


the heads 


the heads 




orince. 


Telocity of 


measured 


measured 


velocity of 


measured 


measured 






approach 


to the 


the full 


approach 


to the 


thefuU 






to the head. 


centres. 


depth. 


to the head. 


centres. 


depth. 




30- 


•000 


•628 


•628 


•000 


•639 


•639 




20- 


•001 


•628 


•629 


•001 


•639 


•640 




16^ 


•002 


•629 


•630 


•002 


•640 


•641 




10- 


•004 


•629 


•632 


•004 


•640 


•648 




9-0 


•006 


•630 


•632 


•006 


•641 


•644 




8-0 


•006 


•630 


•634 


•006 


•641 


•646 




7-0 


•008 


•631 


•636 


•008 


•642 


•647 




6-0 


•Oil 


•631 


•638 


•Oil 


•643 


•649 




5-6 


•013 


•632 


•640 


•014 


•643 


•651 




5-0 


•016 


•633. 


•642 


•017 


•644 


•654 




^•5 


•020 


•634 


•645 


•021 


•646 


•657 




4-0 


•026 


•636 


•649 


•026 


•647 


•662 




3-75 


•029 


•637 


•652 


•030 


•648 


•666 




3-60 


•033 


•638 


•656 


•034 


•660 


•668 




3-25 


•039 


•^39 


•659 


•040 


•662 


•673 




30 


•046 


•642 


•666 


•048 


•664 


•678 




2-76 


•056 


•646 


•672 


•067 


•657 


•686 




2-50 


•067 


•649 


•682 


•070 


•661 


•696 




2-26 


•084 


•664 


•694 


•088 


•666 


•708 




2-0 


•109 


•661 


•711 


•114 


•674 


•727 




1-96 


•116 


•663 


•716 


•120 


•676 


•731 




1-90 


•123 


•666 


•720 


•128 


•679 


•736 




1-86 


•130 


•668 


•726 


•136 


•681 


•741 




1-80 


•139 


•670 


•731 


•144 


•684 


•747 




1-76 


•148 


•673 


•737 


•164 


•686 


•763 




1-70 


•158 


•676 


•743 


•166 


•690 


•760 




1-66 


•169 


•679 


•760 


•176 


•693 


•768 




1^60 


•182 


•683 


•768 


•190 


•697 


•776 




1-66 


•196 


•687 


•767 


•205 


•701 


•786 




1-60 


•213 


•692 


•777 


•222 


•706 


•796 




1-45 


•231 


•697 


•788 


•241 


•712 


•808 




1-40 


•252 


•703 


•800 


•262 


•718 


•820 




1-36 


•276 


•709 


•814 


•289 


•726 


•836 




1-30 


•804 


•717 


•830 


•319 


•734 


•853 




1-26 


•338 


•726 


•846 


•364 


•743 


•872 




1-20 


•377 


•734 


•866 


•396 


•766 


•896 




1-16 


•426 


•760 


•894 


•447 


•769 


•921 




1-10 


•484 


•766 


•924 


•609 


•786 


•963 




1-05 


•667 


•784 


•969 


•688 


•806 


•991 




1-00 


•661 


•807 


1-002 


•690 •830 


1-038 



See the auxiliary table, p. 68, 
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Tablr v. — Coefficients of discharge for different ratios 

of the channel to the orifice. 

CoeffieienU for heads in still water '650 and '667. 





Coefficient '650 for headi in 


Coefficient *667 for heads in 


Batio 
of tbe 

V 1 




f till water. 






still water. 




Batio of 


Coefficients 


Coefficients 


Ratio of 


Coefficients 


Coefficients 


1 channel 


the height 


for orificet : 


for weirs : 


the height 


for orifices : 


for weirs : 


to the 


dae to the 


the headi 


the heads 


due to the 


the heads 


the heads 


onnce. 


velocity of 


measured 


measured 


Telocity of 


measured 


measured 




approach 


to the 


the fall 


approach 


to the 


the full 




to the head. 


centres. 


depth. 


to the head. 


centres. 


depth. 


80- 


'000 


•660 


•650 


•000 


•667 


•667 


20- 


•001 


•650 


•651 


•001 


•667 


•668 


15- 


•002 


'651 


•652 


•002 


•667 


•669 


10- 


•004 


•651 


•654 


•004 


•668 


•671 


9* 


•006 


•652 


•656 


•006 


•669 


•672 


8- 


•007 


•652 


•656 


•007 


•669 


•673 


7'0 


•009 


'653 


•658 


•009 


•670 


•675 


6-0 


•012 


•654 


•661 


•012 


•671 


•678 


5-5 


•014 


•656 


•663 


•016 


•672 


•680 


6-0 


•017 


•656 


•666 


•018 


•673 


•682 


4-5 


•021 


•657 


•669 


•022 


•674 


•687 


4-0 


•027 


•659 


•674 


•029 


•676 


•692 


8-76 


•031 


•660 


•677 


•033 


•678 


•696 


8-50 


•036 


•662 


•681 


•038 


•679 


•700 


8-25 


•042 


•663 


•686 


•044 


•681 


•705 


8*0 


•049 


•666 


•692 


•052 


•684 


•711 


2-75 


•069 


•669 


•699 


•062 


•687 


•720 


2-60 


•078 


•673 


•709 


•077 


•692 


•731 


2-25 


•091 


•679 


•723 


•096 


•698 


•746 


2-0 


•118 


•687 


•742 


•126 


•707 


•766 


1-95 


•126 


•689 


•747 


•132 


•709 


•771 


1-90 


•133 


•692 


•762 


•140 


•712 


•777 


1-86 


•141 


•694 


•758 


•149 


•715 


•783 


1-80 


•160 


•697 


•764 


•159 


•718 


•790 


1-75 


•160 


•700 


•771 


•170 


•721 


•797 


1-70 » 


'172 


•704 


•779 


•182 


•725 


•805 


1-65 


•184 


•707 


•786 


•196 


'729 


•814 


1-60 


•198 


•711 


•795 


•210 


•733 


•823 


1-65 


•218 


•716 


•806 


•227 


•738 


•833 


1-60 


•281 


•721 


•816 


•246 


•744 


•846 


1-45 


•261 


•727 


•828 


•268 


•751 


•869 


1-40 


•276 


•734 


•842 


•293 


•768 


•874 


1-85 


•802 


•742 


•858 


•322 


•764 


•888 


1-80 


•833 


•751 


•876 


•356 


•776 


•911 


1-25 


•371 


•761 


•896 


•398 


•788 


•934 


1-20 


•415 


•773 


•920 


•446 


•802 


•961 


lU 


•469 


•788 


•949 


•606 


•818 


•992 


110 


•537 


•806 


•983 


•680 


•838 


1-030 


105 


•621 


•828 


1024 


•675 


•868 


1-076 


100 


•732 

1 


•855 


1074 


•800 


*894 


1-133 



See the awdliuy tabk^ p. 68. 
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Table V. — Coefficients of discharge for different ratios 

OF THE CHANNEL TO THE ORIFICE. 

Coefficients for heads in stUl water >/-5 = '7071 and 1. 





Coefficient *7071 for heads in 


Coefficient 10 00 for heads in 


Ratio 
of the 




still water. 






still water. 




Ratio of 


Coefficients 


Coefficients 


Ratio of 


Coefficients 


Coefficients 


channel 


the height 


for orifices : 


for weirs : 


the height 


for orifices : 


for weirs : 


to the 


due to the 


the heads 


the heads 


due to the 


the heads 


the heads 


orifice. 


velocity of 


measured 


measured 


velocity of 


measured 


measured 




approach 


to the 


the full 


approach 


to the 


the full 




to the head. 


centres. 


depth. 


to the head. 


centres. 


depth. 


30- 


•001 


•707 


•708 


•001 


1-001 


1-002 


20- 


•001 


•708 


•708 


•003 


1-001 


1-004 


16- 


•001 


•708 


•709 


•005 


1-002 


1-006 


lo- 


•006 


•709 


•712 


•010 


1-006 


1-014 


g- 


•006 


•709 


•713 


•013 


1-006 


1-017 


s' 


•008 


•710 


•714 


•016 


1-008 


1-021 


7- 


•010 


•711 


•717 


•021 


1-010 


1-028 


6- 


•014 


•712 


•721 


•029 


1014 


1038 


5-5 


•017 


•713 


•723 


•034 


1-017 


1045 


5-0 


•020 


•714 


•727 


•041 


1-021 


1-056 


4-5 


•025 


•716 


•731 


•052 


1-026 


1-067 


4-0 


•032 


•718 


•737 


•067 


1033 


1-084 


3-76 


•037 


•720 


•742 


•077 


1-038 


1-096 


3-60 


•043 


•722 


•747 


•089 


1^044 


1-110 


3-25 


•050 


•724 


•763 


•105 


1-051 


1127 


3-00 


•059 


•728 


•760 


•126 


1061 


1-149 


2-75 


•071 


•732 


•770 


•162 


1-073 


1-178 


2-60 


•087 


•737 


•783 


•190 


1-091 


1-216 


2-25 


•110 


•745 


•801 


•246 


1116 


1-269 


2-00 


•143 


•766 


•826 


•333 


1-165 


1-347 


1-95 


•151 


•769 


•832 


•366 


1-165 


1-367 


1-90 


•161 


•762 


•839 


•383 


1^176 


1-389 


1-85 


•171 


•766 


•846 


•412 


1-188 


1-413 


1-80 


•182 


•769 


•864 


•446 


1^203 


1-441 


1-75 


•195 


•773 


•863 


•484 


1-218 


1-471 


1-70 


•209 


•778 


•873 


•629 


1-237 


1-506 


1-65 


•225 


•783 


•883 


•679 


1-267 


1-643 


1-60 


•243 


•788 


•896 


•641 


1-281 


1-589 


1-55 


•263 


•796 


•908 


•711 


1-308 


1-638 


1-60 


•286 


•802 


•923 


•800 


1-342 


1-699 


1-45 


•312 


•810 


•939 


•903 


1-379 


1-767 


1-40 


•342 


•819 


•968- 


1-042 


1-429 


1-864 


1-35 


•378 


•830 


•980 


1-216 


1-489 


1-958 


1-30 


•421 


•842 


1-003 


1-449 


1-665 


2-088 


1-26 


•471 


•867 


1033 


1-778 


1-667 


2-259 


1-20 


•632 


•876 


1066 


2-273 


1-810 


2-499 


1-16 


•608 


•897 


1-107 


3100 


2-025 


2844 


1-10 


•704 


•923 


1155 


4-762 


2-400 


3-440 


1-06 


•830 


•967 


1-216 


9-766 


3-280 


4-803 


1-00 


1^000 


1^000 


1-293 


infinite. 


infinite. 


infinite. 
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Table VI — The discharge over weirs or notches of one 

FOOT IN LENGTH, IN CUBIC FEET PER MINUTE. 

Depths J inch to 10 inches. Coefficients -667 to '617. 



OREATKB OOEFFIOIENTS. 



Heads in 


Theoretical 


Coefficient 


Coefficient 


Coefficient Coefficient 


Coefficient 


inches. 


discharge. 


•667. 


-650. 


•639. 


•628. 


•617. 


•25 


•965 


644 


•627 


-617 


•606 


•596 


•5 


2730 


1-821 


1-775 


1-744 


1-714 


1-684 


•75 


5016 


3345 


3260 


3205 


3150 


3095 


•I 


7722 


5-151 


5019 


4-934 


4-849 


4-764 


1-25 


10-792 


7198 


7015 


6-896 


6-777 


6-659 


15 


14186 


9-462 


9 221 


9-065 


8-909 


8-753 


1-75 


17-877 


11924 


11 -620 


11-423 


11-227 


11-030 


2- 


21-842 


14-569 


14-197 


13-957 


13717 


13-477 


225 


26062 


17-383 


16 940 


16-654 


16367 


16-080 


2-5 


30-524 


20-360 


19-841 


19-505 


19-169 


18-833 


2-75 


35 215 


23-489 


22-890 


22-503 


22-115 


21-728 


3- 


40125 


26763 


26-081 


25-640 


25199 


24-757 


3-25 


45-244 


30178 


29-408 


28-911 


28-413 


27-915 


35 


50 563 


33726 


32-866 


32-310 


31-754 


31-197 


3-75 


56077 


37*403 


36-450 


35-838 


35-216 


34-599 


4- 


61-777 


41-205 


40155 


39-476 


38-796 


38116 


4-25 


67-658 


45128 


43-978 


43-233 


42-489 


41-745 


4-5 


73-714 


49167 


47-914 


47103 


46-292 


45-482 


475 


79-942 


53-321 


51-962 


51-083 


50-203 


49-324 


5- 


86-335 


57-585 


56-118 


55-168 


54-218 


53-269 


5-25 


92 891 


61-958 


60379 


59-357 


58-335 


57-314 


55 


99-604 


66-436 


64-743 


63-647 


62551 


61-456 


5-75 


106-472 


71017 


69-207 


68*036 


66-864 


65 693 


6- 


113-491 


75-698 


73-769 


72-521 


71-272 


70024 


625 


120 657 


80-478 


78-427 


77100 


75772 


74-445 


6-5 


127 969 


85*355 


83-180 


81-772 


80-365 


78-957 


6-75 


135-422 


90-326 


88-024 


86-535 


85045 


83 555 


7- 


143015 


95-391 


92-960 


91387 


89-813 


88240 


7-25 


150-744 


100-546 


97-983 


96-325 


94-667 


93009 


7*5 


158-608 


105-792 


103095 


101-350 


99-606 


97-861 


7-75 


166-604 


111125 


108-292 


106-460 


104-627 


102795 


8- 


174-731 


116-546 


113-675 


111-653 


109-731 


107-809 


8-25 


182-984 


122-051 


118-940 


116-927 


114-914 


112-901 


8-5 


191-365 


127-640 


124-387 


122-282 


120-177 


1 18072 


8-75 


199-869 


133-313 


129-915 


127-716 


125-518 


123-319 


9- 


208-496 


139067 


135-522 


133 229 


130-935 


128642 


9-25 


217-243 


144-901 


141-207 


138-818 


136-428 


134039 


9-5 


226111 


150-816 


146-972 


144-485 


141 -997 


139-510 


9-75 


235-093 


156-807 


152-810 


150-225 


147-f539 


145-053 


10- 


244-193 


162-877 


158-725 


156039 


153-353 


150-666 
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Table VI. — The discharge over weirs or notches of one 

FOOT IN length, IN CUBIC FEET FEB MINUTE. 

Depths 10-25 inches to 32 inches. Coefficients -667 to -617. 

QBKITBB 0OB7FI0IEHTS. 



Heads in 
inchei. 



10-25 
10-6 
10-76 
li- 
lies 
11-5 
11-75 
12- 
12-5 
13- 

13-5 

14- 

14-5 

15 

155 

16- 

16-5 

17- 

17-5 

18- 

18-5 

19- 

19-5 

20- 

20-5 

21- 

21-5 

22- 

22-5 

23- 

23-5 

24- 

25- 

26- 

27- 

28- 

29- 

30- 

31- 

32* 



Theoretical 
discharge. 



253-407 
262734 
272 173 
281-723 
291-382 
301-148 
311024 
321- 
341-275 
361-950 
383031 
404-507 
426-368 
448-611 
471*228 
494-212 
517-558 
541-261 
565-315 
589-715 
614-443 
639-533 
664-944 
690-682 
716-737 
743125 
769-823 
796-832 
824151 
851*775 
879-700 
907*925 
965 253 
1023*748 
1083-375 
1144116 
1205-950 
1268-864 
1332-833 
1397*842 



Coefficient 
-667. 



169023 
175-244 
181-540 
187-909 
194-352 
200-866 
207-451 
214-107 
227-628 
241-421 
255*482 
269-806 
284-387 
299-223 
314-309 
329-639 
345-211 
361021 
377-065 
393 340 
409-833 
426-569 
443-518 
460-685 
478-064 
495-664 
513-472 
531-487 
549709 
568134 
586-760 
605-586 
643-824 
682-840 
722-611 
763-125 
804-369 
846 332 
889-000 
932-361 



Coefficient 
-650. 



164715 
170777 
176-913 
183-120 
189-398 
195746 
202164 
208-650 
221826 
235-268 
248-970 
262-930 
277*139 
291-597 
306-298 
321-238 
336-413 
351-820 
367-455 
383-315 
399-388 
415 696 
432-214 
448-943 
465-879 
483-031 
500-385 
517-941 
535-698 
553-654 
571*805 

590 151 
627-414 
665 436 
704-194 
743-675 
783-868 
824-762 
866-341 
908-597 



Coefficient Coefficient 



•639. 



161-927 
167-887 
173-919 
180 021 
186-193 
192-434 
198-743 
205- 119 
218072 
231-286 
244-757 
258-480 
272-449 
286-662 
301-115 
315801 
330-720 
345-866 
361-236 
376-828 
392-629 
408-662 
424-899 
441-346 
457-995 
474-857 
491-917 
509-176 
526-632 
544-284 
562-128 
580- 164 
616-797 
654175 
692-277 
731-090 
770-602 
810-804 
851-680 
893-221 



-628. 



159-140 
164-997 
170-925 
176-922 
182-988 
189-121 
195-321 
201-588 
214-318 
2-27-305 
240-543 
254030 
267-759 
281-728 
295-931 
310-365 
325026 
339-912 
355018 
370341 
386-870 
401-627 
417-586 
433-748 
450- HI 
466-688 
483-449 
500-410 
517 567 
534-915 
552-452 
570177 
606-179 
642914 
680-360 
718-505 
757-337 
796-847 
837-019 
877-845 



Coefficient 
-617. 



156 352 

162-107 
167*931 

173-823 
179-782 
185-808 
191-900 
198-057 
210-664 
223-323 
236-330 
249-581 
263069 
276-793 
290-748 
304-929 
319-333 
333-958 
348-799 
363-854 
379111 
394-692 
410-270 
426-151 
442-227 
458-608 
474-981 
491-646 
508-601 
526-645 
542-776 
560190 
695-661 
631-663 
668-442 
706-920 
744071 
782-889 
822-358 
862-469 
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Table VI. — the discharge over weirs or notches of one 

FOOT IN LENGTH, IN CUBIC FEET PES MINDTE. 

Depths 33 inches to 72 inches. Coefficients '667 to '617. 

OBBATEB OOEFFICIENTS. 



Heads in 
inches. 



33- 

34- 

35- 

36- 

37- 

38- 

39- 

40- 

41- 

42- 

43- 

44- 

46- 

46- 

47- 

48- 

49- 

60- 

51- 

52- 

63- 

64- 

65- 

66- 

57- 

68- 

59- 

60- 

61- 

62- 

63- 

64- 

65- 

66- 

67- 

68- 

69- 

70- 

71- 
72. 



Theoretical 
discharge. 



1463875 

1530-917 

1598 951 

1667-964 

1737-943 

1808-875 

1880-746 

1953-544 

2027-258 

2101-876 

2177-387 

2253-783 

2331-052 

2409- 183 

2488-170 

2568- 

2648-666 

2730-160 

2812-474 

2895 597 

2979-525 

3064-253 

3149-755 

3236-050 

3323117 

3410*946 

3499-542 

3588-889 

3678-984 

3769-825 

3861-393 

3953-694 

4046-720 

4140-465 

4234 922 

4330-086 

4425-954 

4522-516 

4619-774 

4717-718 



Coefficient 
•667. 



976-405 
1021-122 
1066-500 
1112 532 
1 159-208 
1206-520 
1254-458 
1303014 
1352-181 
1401-951 
1452-317 
1503 273 
1554-812 
1606-925 
1659 609 
1712-856 
1766-660 
1821021 
1875-920 
1931-363 
1987-343 
2043-857 
2100-887 
2158-445 
2216-519 
2275101 
2334-195 
2393-789 
2453-882 
2514-473 
2575549 
2637-114 
2699-162 
2761-690 
2824-693 
2888167 
2952111 
3016-518 
3081-389 
3146-718 



Coefficient 
-660. 



951-519 

995096 

1039-318 

1084177 
1129-663 
1175-769 
1222-485 
1269-804 
1317-718 
1366-219 
1415-302 
1464-959 
1515184 
1565-969 
1617-311 
1669-200 
1721-633 
1774-604 
1828 108 
1882-138 
1936-691 
1991-764 
2047-341 
2103-433 
2160026 
2217115 
2274702 
2332*778 
2391*340 
2450*386 
2509-905 
2569-901 
2630-368 
2691-302 
2752 699 
2814-556 
2876-870 
2939-635 
3002-853 
3066-518 



Coefficient 
•639. 



935 416 
978-256 
1021-730 
1065-829 
1110-546 
1155 871 
1201-797 
1248315 
1295-418 
1343099 
1391-350 
1440- 167 
1469-542 
1539-468 
1589941 
1640-952 
1692-498 
1744 572 
1797*171 
1850-286 
1903-916 
1958-058 
2012-693 
2067-836 
2123-472 
2179-594 
2236-207 
2293-300 
2350-871 
2408-918 
2467-430 
2526 410 
2585-854 
2645-757 
2706-115 
2766-925 
2828-185 
2889-888 
2952-036 
3014-622 



Coefficient 
-628. 



919314 
981-416 
1004141 
1047-481 
1091-428 
1135 974 
1181-108 
1226-826 
1273-118 
1319 978 
1367-399 
1415-376 
1463-901 
1512-967 
1562 571 
1612*704 
1663-362 
1714-540 
1766234 
1818-435 
1871*142 
1924-351 
1978-046 
2032-239 
2086-917 
2142-074 
2197*712 
2253-822 
2310-402 
2367-450 
2424-955 
2482*920 
2541*340 
2600-212 
2659*531 
2719*294 
2779*499 
2840*140 
2901*218 
2962*727 



Coefficient 

•6ir. 



903*211 
944*576 
986*553 
1029*134 
1072*311 
1 1 16*076 
1160*420 
1205*337 
1250*818 
1296-857 
1343 448 
1390-584 
1438-259 
1486-466 
1535-201 
1584-456 
1634-227 
1684-509 
1735-296 
1786*583 
1838*367 
1890*644 
1943-399 
1996-643 
2050*363 
2104*554 
2159*217 
2214*344 
2269*933 
2325*982 
2382*479 
2439*429 
2496*826 
2554*667 
2612*947 
2671*663 
2730*814 
2790*392 
2850*401 
2910-832 
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Table VI.— The discharge over weirs or notches of one 

FOOT IN length, IN CUBIC FEET PER MINUTE. 

Depths I inch to 10 inches. CoefficienU -606 to -518. 

LBS8BB OOEFFIOISNTS. 



Heads in 


Coefficient 


Coefficient 


Coefficient 


Coefficient 


Coefficient 


Coefficient 


inches. 


•606. 


•695. 


•584. 


-562. 


•540. 


•618. 


25 


•585 


•574 


•564 


•542 


•521 


•500 


6 


1654 


1-6-24 


1 594 


1534 


1474 


1-414 


75 


3039 


2985 


2929 


2-819 


2708 


2*598 


1- 


4-680 


4595 


4510 


4-340 


4170 


4-000 


1-25 


6540 


6 421 


6303 


6-065 


5828 


5-590 


1-5 


8597 


8441 


8-284 


7973 


7660 


7 348 


1-75 


10-833 


10637 


10-440 


10047 


9653 


9-260 


2- 


12236 


12996 


12-756 


12-275 


1 1 795 


11-314 


225 


15794 


15507 


15-220 


14647 


14073 


13-500 


2-5 


18-498 


18162 


17826 


17155 


16483 


15-811 


2-75 


21-340 


20953 


20566 


19-791 


19016 


18-241 


3- 


24316 


23874 


23 433 


22 550 


21-668 


20785 


3-25 


27418 


26-920 


26422 


25-427 


24432 


23436 


3-5 


30 641 


30 085 


29-529 


28-416 


27 304 


26192 


3-75 


33982 


33366 


32-749 


31-515 


30281 


29048 


4- 


37-437 


36-757 


36-078 


34-719 


33360 


32 000 


4-25 


41001 


40-256 


39-512 


38-024 


36-535 


35047 


4-5 


44 671 


43-860 


43-049 


41-427 


39-806 


38* 184 


4-75 


48-445 


47 565 


46-686 


44-927 


43169 


41410 


5- 


52319 


51-369 


50-420 


48520 


46-621 


44-722 


5-25 


56-292 


55-270 


54-248 


52-205 


50-161 


48117 


55 


60-360 


59-264 


58169 


55977 


53-786 


51-595 


5 75 


64-522 


63-351 


62-180 


59837 


57495 


55153 


6- 


68-776 


67527 


66-279 


63-782 


61-285 


58788 


6 25 


73-118 


71-791 


70-464 


67-809 


65 155 


62-500 


6-5 


77-549 


76142 


74-734 


71-919 


69103 


66-288 


6-75 


82-066 


80-576 


79086 


76107 


73-128 


70149 


7- 


86-667 


85-094 


83-521 


80-374 


77 228 


74082 


725 


91-351 


89-693 


88034 


84718 


81-402 


78085 


75 


96116 


94 372 


92-627 


89-138 


85-648 


82159 


7-75 


10o962 


99-129 


97 297 


93-631 


89-966 


86301 


8- 


105-887 


103-965 


102043 


98199 


94-355 


90-511 


8-25 


110-889 


108-8:6 


106-863 


102-837 


98-812 


94 786 


8-5 


115-967 


113-862 


111-757 


107-547 


103-337 


99127 


8-75 


121-121 


118922 


116723 


112-326 


107-929 


103-532 


9* 


126 349 


124 055 


121762 


117175 


112-588 


108001 


925 


131-649 


129259 


126-870 


122090 


117311 


112-532 


9-5 


137 023 


134535 


132048 


127074 


122100 


117125 


9-75 


142-467 


139-881 


137-294 


132122 


126-950 


121-778 


10- 


147981 


145 295 


142-609 


137 237 


131-864 


126-492 
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Table VI. — The disohabge over weirs or notches of one 

FOOT IN length, IN CUBIC FEET PER MINUTE. 

Depths 10-25 inches to 32 inches. Coefficients 606 to "618. 



LK8EB OOBrnOIBRTS. 



Heads 

in 
inches. 



10-26 

10-5 

10-76 

11- 

11-26 

11-6 

11-75 

12- 

12-6 

13- 

13-6 

14- 

14-6 

16- 

16-6 

16- 

16-6 

17- 
17-6 
18- 
18-6 

19- 
19-6 
20- 
20-6 

21- 

21-6 

22- 

22-6 

23- 

23-6 

24- 

25- 

26- 

27- 

28- 

29- 

30- 

31- 

32- 



CoefBc^ 
•606. 



163-666 
169-217 
164-937 
170-724 
176677 
182-496 
188-479 
194-626 
206-810 
219*342 
232-117 
246*131 
268*379 
271-868 
285-664 
299-492 
313*640 
328-004 
342-581 
367-367 
372*362 
387*6571 
402-956 
418-553 
434-343 
460-334 
466-513 
482-880 
499-436 
616176 
633-098 
660-203 
684-943 
620-391 
666-526 
693*334 
730-806 
768-932 
807-697 
847092 



Coeflic^ 
•595. 



160-777 
166-327 
161-943 
167-626 
173-372 
179* 183 
185-068 
190-996 
203-056 
216360 
227 903 
240-682 
263-689 
266-924 
280-381 
294056 
307-947 
322060 
336-362 
350-880 
365-594 
380-522 
396-642 
410-956 
426-458 
442- 169 
458045 
474116 
490370 
606-806 
6-23-421 
640-2 16 
574326 
609- 130 
644 608 
680-749 
717-640 
764 974 
793036 
831-716 



Coefficient 
•584. 



147-990 
163-437 
168-949 
164-526 
170167 
175-870 
181-636 
187-464 
199-302 
211-379 
223-690 
236-232 
248-999 
261-989 
276197 
288620 
302-263 
316096 
330-144 
344394 
368835 
373487 
388-327 
403-358 
418-674 
433-986 
449-577 
466-360 
481-304 
497-437 
613-746 
630-228 
663-708 
697869 
632-691 
668164 
704-276 
741017 
778-374 
816-340 



Coefficient 
•562. 



142 416 
147-657 
152-961 
1683-28 
163-756 
169*245 
174-794 
180-402 
191*794 
203*416 
216-263 
227-333 
239*619 
262119 
264*830 
277-747 
290-868 
304189 
317-707 
331-420 
345-3 17 
359-418 
373-699 
388-163 
402-806 
417*636 
432-641 
447-819 
463*173 
478698 
494-391 
510-264 
642-472 
676-346 
608-867 
642-993 
677-744 
713-102 
749052 
785-687 



Coefficient 
-640. 



136-840 
141-876 
146-974 
16*2130 
157346 
162-620 
167-962 
173340 
184-286 
195463 
206837 
218-434 
230239 
242-250 
264- 163 
266-875 
279-481 
292-281 
306-270 
318-446 
331-799 
345-348 
359070 
372-968 
387038 
401-288 
416-704 
430-289 
446042 
4 >9-959 
476-038 
490-280 
621-237 
652-824 
686-023 
617823 
651-213 
686-187 
719-730 
764-835 



Coefficient 
•518. 



131-266 
136*096 
140-986 
146933 
150*936 
156-996 
161*109 
166*278 
176*778 
187*490 
198*410 
209-535 
220-869 
232-380 
244096 
256-001 
268096 
280-373 
292-833 
306-472 
318-281 
331*278 
344-441 
367-773 
371-270 
384*939 
398768 
412-769 
426-910 
441-219 
456-686 
470-306 
600*001 
630*301 
661188 
692662 
6*24-682 
667-272 
690-407 
724-082 
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Table VI.— The discharge over weibs ob notches of one 
foot in length, in 0x}big feet per minute. 

Depths 33 inches to 72 inches, CoefficienU '606 to '518. 

LBSSEB OOSFriOIXNTS. 



OS u 



W 



33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 



Coefficient 
•606. 



887108 
927-736 
968-964 
1010-786 
1053-193 
1096178 
1139-732 
1183-848 
1228-518 
1273-737 
1319-497 
1365-792 
1412-618 
1459-965 
1507 831 
1556-208 
1605-092 
1654-477 
1704-359 
1754-732 
1805-592 
1856-937 
1908-751 
1961 046 
2013-809 
2067033 
2120-722 
2174-867 
22-29-464 
2284-514 
2340004 
2395-939 
2452-312 
2509122 
2566-363 
2624 032 
2682128 
2740-646 
2799-583 
2858937 



Ooefficient 
•695. 



Coefficient 
■684. 



871006 
910-896 
951-376 
992-439 
1034-076 
1076-281 
1119-044 
1162369 
1206-219 
1260-616 
1295-546 
1341-001 
1386-976 
1433-464 
1480-461 
1527-960 
1675-956 
1624-445 
1673-422 
1722-880 
1772-817 
1823-231 
1874-104 
1925-460 
1977-265 
2029-513 
2082-227 
2135-389 
2188-995 
2243046 
2297-529 
2352-448 
2407-798 
2463-577 
2519-779 
2576-401 
2633-443 
2690-897 
2748766 
2807-042 



854-903 
894-056 
933-787 
974091 
1014-969 
1066-383 
1098-356 
1140-870 
1183-919 
1227-496 
1271-594 
1316-209 
1361-334 
1406-963 
1453-091 
1499-712 
1546-821 
1594-413 
1642-485 
1691029 
1740-043 
1789-524 
1839-457 
1889-863 
1940-700 
1991-992 
2043-733 
2095-911 
2148-527 
2201-578 
2266-064 
2308-957 
2363-284 
2418-032 
2473- 194 
2628-770 
2584-767 
2641-149 
2697-948 
2765-147 



Coefficient 
•662. 



822-698 
860-375 
898-610 
937-396 
976724 
1016-588 
1056-979 
1097-892 
1139-319 
1181-254 
1223-691 
1266-626 
1310051 
1363-961 
1398-352 
1443-216 
1488-550 
1634-360 
1680-610 
1627-326 
1674493 
1722110 
1770-162 
1818-660 
1867-592 
1916-9-52 
1966-743 
2016-966 
2067-589 
21 18-642 
2170103 
2221-976 
2274-257 
2326-941 
2380-026 
2433-508 
2487-386 
2541-654 
2596-313 
2651-368 



Coefficient 
•640. 



790-493 

826-695 

863-434 

900-701 

938-489 

976-793 

1015-603 

1054-914 

1094-719 

1135-013 

1175-789 

1217-043 

1268-768 

1300-959 

1343-612 

1386-720 

1430-280 

1474-286 

1518-736 

1563-622 

1608-944 

1654-697 

1700-868 

1747-467 
1794-483 
1841-911 
1889-763 
1938-000 
1986-651 
2035-706 
2085-162 
2134-995 
2186-229 
2235-851 
2286-858 
2338-246 
2390-015 
2442- 159 
2494-678 
2547-568 



Coefficient 
•618. 



758-287 
793-015 
828-257 
864-005 
900-254 
936-997 
974-226 
1011-936 
1060120 
1088-772 
1127-886 
1167 460 
1207-485 
1247-957 
1288-872 
1330 224 
1372-009 
1414-223 
1456-862 
1499-919 
1543-394 
1587-283 
1631-573 
1676-274 
1721-376 
1766-870 
1812-763 
1869045 
1905-714 
1952-769 
2000-202 
2048-013 
2096-201 
2144-761 
2193-690 
2242-985 
2292-644 
2342-663 
2393043 
2443778 
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Table VII. — Fob finding the mean vELOciTr from the maxi- 
mum YELOCITT AT THE SURFACE, IN MILL RAGES, STREAMS, AND 
RIVERS WITH UNIFORM CHANNELS; AND THE MAXIMUM VELOCITY 
FROM THE MEAN VELOCITY. (See p. 101.) 

For the velocity in feet per minute , multiply by 5. 



um velocity 
surface in 
per second. 


velocity in 
hannels in 
per second. 


velocity in 
channels in 
per second. 


um velocity 
} surface in 
per second. 


velocity in 
ihannels in 
per second. 


velocity in 
channels in 
per second. 


um velocity 
surface in 
per second. 


velocity in 
;hannels in 
per second. 


velocity in 
channels in 
per second. 


Maxim 

at the 

inches 


iU 




l!| 


§rs 


i-l 


6S5 


i&i 


vSfC 


SS5.S 


9^ S 


l-l 




sp 




^51 


^ a a 
1- 


1 


•84 


•76 


41 


34-24 


33-37 


81 


67-64 


68-86 


2 


1-67 


1-61 


42 


35-07 


34-23 


82 


68-47 


69-77 


8 


2-61 


2-27 


43 


35-91 


3509 


83 


69-31 


70-68 


4 


334 


3-04 


44 


36-74 


3595 


84 


7014 


71-59 


5 


418 


3-81 


46 


37-68 


36-82 


85 


70-98 


72-50 


6 


501 


4-68 


46 


38-41 


37-69 


86 


71-81 


73-42 


7 


5-86 


6-36 


47 


39-26 


38-66 


87 


72-66 


7433 


8 


6-68 


6-14 


48 


4008 


39-43 


88 


73-48 


75-24 


9 


7-52 


6-92 


49 


40-92 


40-30 


89 


74-32 


7616 


10 


8-35 


7-71 


60 


41-75 


4117 


90 


76-15 


77-08 


11 


919 


8-50 


61 


42-59 


42-06 


91 


75-99 


77-99 


12 


1002 


9-29 


62 


43-42 


42-92 


92 


76-82 


78-91 


13 


10-86 


10-09 


63 


44-26 


43-80 


93 


77-66 


79-83 


14 


11-69 


10-88 


64 


46-09 


44-68 


94 


78-49 


80-75 


15 


12-53 


11-69 


55 


45-93 


46-66 


96 


79-33 


81-67 


16 


13-36 


12-49 


56 


46-76 


46-44 


96 


80-16 


82-59 


17 


14-20 


13-30 


67 


47-60 


47-32 


97 


8100 


88-51 


18 


1503 


14-11 


68 


48-43 


48-21 


98 


81-83 


84-48 


19 


15-87 


14-92 


69 


4927 


4909 


99 


82-67 


86-36 


20 


16-70 


15-73 


60 


50-10 


49-98 


loo 


83-50 


86-28 


21 


17-54 


16-66 


61 


60-94 


50-87 


101 


84-84 


87-20 


22 


18-37 


17-37 


62 


51-77 


61-76 


102 


86-17 


8813 


23 


19-21 


1819 


63 


62-61 


52-65 


103 


8601 


89-06 


24 


20-04 


1902 


64 


53-44 


53-64 


104 


86-84 


89-98 


25 


20-88 


19-85 


66 


54-28 


54-43 


105 


87-68 


90-91 


26 


21-71 


20-68 


66 


65-11 


55-33 


106 


88-51 


91-84 


27 


22-55 


21-51 


67 


55-95 


56-22 


107 


89-35 


92-77 


28 


23-38 


22-34 


68 


56-78 


67-12 


108 


9018 


93-69 


29 


24-22 


23-18 


69 


57-62 


5802 


109 


91-02 


94-62 


30 


2506 


24-02 


70 


68-46 


68-91 


110 


91-85 


95-66 


31 


25-89 


24-86 


71 


59-29 


69-81 


111 


92-69 


96-49 


32 


26-72 


26-70 


72 


6012 


60-71 


112 


93-52 


97-42 


33 


27-56 


26-54 


73 


60-96 


61-61 


113 


94-36 


98-35 


34 


28-39 


27-39 


74 


61-79 


62-62 


114 


9519 


99-28 


35 


29-23 


28-24 


76 


62-63 


63-42 


116 


9603 


100-21 


36 


3006 


2909 


76 


63-46 


64-32 


116 


96-86 


101-15 


37 


30-90 


29-94 


77 


64-30 


65-23 


117 


97-70 


102-08 


38 


31-73 


30-79 


78 


65-13 


66-13 


118 


98-53 


103-02 


39 


32-57 


31-65 


79 


65-97 


67-04 


119 


99-37 


103-96 


40 


33-40 


32-61 


80 


66-80 


67-95 


120 


100-20 


104-89 
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Table VIII. — Fob FiNDiNa the mean velocities of water 

FLOWING IN PIPES, DRAINS, STREAMS, AND RIVERS. 

For a full cylindrical pipe, divide the diameter by 4 to find the 

hydraulic mean depth. 

Diameters of pipes | irich to 2 inches. Falls per mile 1 inch to 

12 feet. 



Falls per mile in feet and 


" Hydranlic mean 


depths/' or "mean 


radii," 


lUVUCS, 

hydraulic 


inclinations. 


and velocities in inches 


per second. 


FalU. 


Inclinations 
one in 


T^inch. 


^ inch. 


\ inch. 


f inch. 


I inch. 


p. I. 














1 


63360 


•14 


•24 


•38 


•49 


•67 


2 


31680 


•22 


•37 


•69 


•76 


•90 


8 


21120 


•28 


•48 


•75 


•97 


115 


i 


15840 


•34 


•57 


•89 


115 


1-36 


5 


12672 


•38 


•65 


102 


1-30 


156 


6 


10560 


•42 


•72 


113 


1-45 


1^72 


7 


9051 


•46 


•78 


124 


168 


1-88 


8 


7920 


•50 


•85 


1-33 


1-71 


2^02 


9 


7040 


•63 


•90 


1-43 


1-83 


216 


10 


6336 


•57 


•96 


1-51 


1-94 


2-30 


11 


6760 


•60 


1-01 


160 


1-96 


2-42 


1 


5280 


•63 


1^06 


1^68 


216 


2-64 


1 3 


4224 


•71 


1-20 


1-90 


2-43 


2-88 


1 6 


3520 


•79 


133 


210 


2-69 


319 


1 9 


3017 


•87 


145 


2-29 


2-94 


3-48 


2 


2640 


•93 


1-56 


2-47 


316 


3-75 


2 3 


Interpolated. 


•99 


167 


2-63 


3-37 


8-99 


2 6 


2112 


105 


1-77 


2-79 


3-68 


4-24 


2 9 


Interpolated. 


111 


1^87 


2-94 


377 


4-47 


3 


1760 


116 


1-96 


309 


3-96 


4-69 


3 8 


Interpolated. 


1-21 


205 


3-23 


414 


4-91 


3 6 


1608 


126 


214 


337 


4-32 


612 


3 9 


Interpolated. 


1-31 


2-22 


3-60 


4-48 


6-31 


4* 


1320 


1-36 


2-30 


3-63 


4-65 


661 


4 6 


Interpolated. 


146 


245 


3-87 


4-96 


6^88 


5 


1066 


164 


2-61 


411 


6-27 


6-24 


6 6 


Interpolated. 


1-62 


275 


4-33 


6-66 


6-58 


6 


880 


171 


2-89 


4-65 


5-83 


6-91 


6 6 


Interpolated. 


1-78 


302 


4-76 


610 


722 


7 


754 


186 


315 


4-97 


6-36 


7-64 


7 6 


Interpolated. 


1-93 


3-27 


616 


6-61 


7-83 


8 


660 


201 


3-39 


6-35 


6-86 


812 • 


8 6 


Interpolated. 


207 


3-51 


6-53 


7-09 


8-40 


9 


687 


214 


362 


6-72 


7-32 


8-68 


9 6 


Interpolated. 


2-20 


3-74 


6-89 


7-65 


894 


10 


628 


2-28 


386 


607 


7^77 


921 


10 6 


Interpolated. 


2-33 


3*95 


6-24 


7-99 


9-47 


11 


480 


2-40 


406 


6-40 


8-20 


9-72 


11 6 


Interpolated. 


2-46 


416 


6-67 


8-41 


9-97 


12 


440 


2-52 


4-27 


6-73 


8-62 


iO-21 
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Table VIII. — For finding the mean velocities op water 

FLOWING IN pipes, DRAINS, STREAMS, AND RIVERS. 

For a full cyliDdrical pipe, divide the diameter by 4 to find the 

hydraulic mean depth. 

Diameters of pipes ^ inch to 2 inches. Falls per mile 13 feet to 

62S0feet. 



Falls per mile in feet, and 


" Hydianlic mean depths/' 


or " mean 


radii," 


the hydraulic inclinations. 


and velocities in inchei 


1 per second. 


Falls. 


Inclinations 
one in 


^ inch. 


1 inch. 


i inch. 


finch. 


i inch. 


F. 

13-2 


4C0 


2-66 


4-50 


7-10 


9-10 


10-78 


13-6 


Interpolated. 


2-71 


4-59 


7-24 


9-27 


10-98 


14-1 


376 


2-76 


4-67 


7-37 


9-44 


11-18 


14-6 


Interpolated. 


2-82 


4-76 


7-52 


9-63 


11-41 


151 


350 


2-87 


4-85 


7-66 


9-82 


11-63 


15-6 


Interpolated. 


2-94 


4-96 


7-83 


10-03 


11-88 


16-2 


325 


300 


5-07 


7-99 


10-24 


12-13 


17-6 


300 


314 


5-30 


8-37 


10-72 


12-70 


19-2 


275 


3-30 


5-58 


8-80 


11-27 


13-35 


2M 


250 


3-48 


5-89 


9-39 


11-90 


14-10 


28-6 


225 


3-70 


6-26 


9-87 


12-65 


14-99 


26-4 


200 


3-96 


6-70 


10-57 


13-64 


16-04 


30-2 


176 


4-28 


7-24 


11-42 


14-63 


17-33 


35-2 


150 


4-68 


7-92 


12-49 


16-00 


18-96 


87-7 


140 


4-88 


8-24 


13-00 


16-66 


19-74 


42-2 


126 


5-21 


8-81 


13-90 


17-80 


21-09 


48- 


110 


5-62 


9-50 


14-98 


1919 


22-74 


62-8 


100 


5-94 


1005 


15-85 


20-30 


24-06 


68-7 


90 


6-33 


10-69 


16-87 


21-61 


25-60 


66- 


80 


6-78 


11-47 


18-10 


23-17 


27-46 


75-4 


70 


7-35 


12-42 


19-59 


2609 


29-73 


88- 


60 


8-06 


13-61 


21-48 


27-51 


32-60 


105-6 


50 


8-99 


15-19 


23-96 


30-69 


36-37 


117-3 


46 


9-57 


1618 


25-63 


32-70 


38-75 


132-0 


40 


10-28 


17-37 


27-41 


85-11 


41-60 


150-8 


35 


11-14 


18-84 


29-71 


38-06 


46-10 


176- 


30 


12-23 


20-68 


32-62 


41-78 


49-51 


212-2 


26 


13-66 


23-09 


36-43 


46-67 


56-30 


264- 


20 


15-64 


26-44 


41-71 


53-43 


63-30 


352- 


15 


18-61 


31-46 


49-63 


63-57 


75-33 


628- 


10 


23-73 


4011 


63-28 


81-06 


96-05 


586-7 


9 


25-26 


42-70 


67-37 


86-29 


102-25 


660- 


8 


27-08 


45-78 


72-22 


92-51 


109-61 


754-3 


7 


29-29 


49-51 


78-10 


100-04 


118-54 


880*0 


6 


32-05 


54-16 


85-43 


109-43 


129-66 


1056- 


5 


3508 


60-15 


94-89 


121-54 


14402 


1320- 


4 


40-40 


68-29 


107-78 


137-99 


168-51 


1760- 


3 


47-48 


80-26 


126-61 


162-17 


192-16 


2640- 


2 


59-47 


100-53 


158-59 


203-14 


240-70 


5280- , 


1 


88-13 


148-97 


235-02 


301-04 


366-70 
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Table VIII. — For finding the mean velocities of water 

FLOWING IN PIPES, DRAINS, STREAMS, AND RIVERS. 

For a full cylindrical pipe, divide the diameter by 4 to find the 

hydraulic mean depth. 

Diameters of pipes 2^ incJies to 5 inches. Falls per mile I inch to 

12 feet. 



FalU 


1 per mile in feet and 


" Hydraulic mean depths/' 


or " mean 


radii." 




inches, 


and the 


and velocities in inches ner second. 1 


hydraulic 


inclinations. 








A 




Falls. 


Inclinations 
one in 


1 inch. 


f inch. 


i inch. 


1 inch. 


1\ in. in- 
terpolated 


V. 




I. 
1 


63360 


'65 


•73 


-79 


-85 


-96 





2 


31680 


102 


1-13 


1-23 


1-33 


1-49 





3 


21120 


1-30 


1-46 


1-68 


1-70 


1-91 





4 


16840 


1-64 


1-71 


1-87 


2-01 


2-26 





5 


12672 


1-76 


1-95 


2-13 


2-29 


2-68 





6 


10560 


1-96 


2-17 


2-36 


2-66 


2-86 





7 


9061 


213 


237 


2-58 


2-78 


313 





8 


7920 


2-30 


2-66 


2-78 


3-00 


3-37 





9 


7040 


2-46 


2-73 


2-98 


3-21 


8-61 


10 


6336 


2-61 


2-90 


3-16 


3-40 


3-83 


11 


6760 


2-76 


3-06 


3-33 


3-69 


4-04 


1 





6280 


2-89 


3-21 


3-60 


3-77 


4-24 


1 


3 


4224 


3-28 


3-64 


3-97 


4-27 


4-81 


1 


6 


3620 


3-63 


4-03 


4-39 


4-73 


6-32 


1 


9 


3017 


3-96 


4-39 


4-79 


6-16 


6-80 


2 





2640 


4-26 


4-73 


6-16 


6-66 


6-26 


2 


3 


Interpolated. 


4-66 


6-04 


6-60 


6-92 


6-66 


2 


6 


2112 


4-83 


6-36 


6-84 


6-29 


7-07 


2 


9 


Interpolated. 


609 


6-64 


6-16 


6-12 


7-46 


S 





1760 


6-34 


6-92 


6-46 


6-96 


7-83 


3 


3 


Interpolated. 


6-68 


6-19 


6-76 


7-27 


8-18 


8 


6 


1608 


6-82 


6-46 


7-04 


7-69 


8-63 


8 


9 


Interpolated. 


606 


6-71 


7-31 


7-88 


8-86 


4 





1320 


6-27 


6-96 


7-68 


8-17 


9-19 


4 


6 


Interpolated. 


6*69 


7-42 


8-09 


8-71 


9-80 


5 





1066 


7-10 


7-88 


8-69 


9-26 


10-41 


5 


6 


Interpolated. 


7-48 


8-30 


9-06 


9-76 


10-97 


6 





880 


7-86 


8-72 


9-61 


10-26 


11-53 


6 


6 


Interpolated. 
764 


8-22 


9-12 


9-94 


10-71 


1206 


7 





8-67 


9-61 


10-37 


11-17 


12-67 


7 


6 


Interpolated. 


8-92 


9-89 


10-78 


11-62 


13-06 


8 





660 


9-24 


10-26 


11-18 


1204 


13-64 


8 


6 


Interpolated. 


9-66 


10-60 


11-66 


12-46 


1401 


9 





687 


9-87 


10-96 


11-94 


12-86 


14-47 


9 


6 


Interpolated. 


1018 


11-28 


12-31 


13-26 


14-91 


10 





628 


10-48 


11-62 


12-67 


13-66 


16-36 


10 


6 


Interpolated. 


10-77 


11-96 


13-03 


14-03 


16-78 


11 





480 


1106 


12-27 


13-38 


14-41 


16-21 


11 


6 


Interpolated. 


11-34 


12-68 


13-72 


14-82 


16-64 


12 





440 


11-62 


12-89 


14-06 


16-22 


17-07 



8 



208 



THE DISCHARGE OF WATER FROM 



' • .*" . *. 



'* •. - ". A 



Table VIII. — Fob finding the mean velocities of water 

FLOWING IN PIPES, DRAINS, STREAMS, AND RIVERS. 

For a full cylindrical pipe, divide the diameter, by 4 to find the 

hydraulic mean depth. 

Diameters of pipes ^^ inches, to 5 inches. Falls per mile 13 feet to 

6280 feet. -. 



, Falls per niire In feet; and 


" Hydraulic mear 


1 deptb»A 


or " mean i 


radii" 


1 thei hydraulic inclinations. 


and velocities in inches per second. 


Falls. 


Inclinations 
one in 


-" ' . • • — »- 

1 inch. 


f inch. 


} inch. 


1 inch. 


1^ in. in- 
terpolated 


F. 

13-2 


400 


12-26 


13-60 


14-83 


15-98 


17-98 


13-6 


Interpolated. 


12-49 


13-86 


16-11 


16-28 


18-31 


141 


875 


12-72 


14-11 


16-39 


16-58 


18-65 


14-6 


Interpolated. 


12-98 


14-39 


15-70 


16-91 


19-02 


151 


360 


13-23 


14-68 


16-00 


17-24 


19-40 


16-6 


Interpolated. 


13-62 


14-99 


16-85 


17-62 


19-81 


16-2 


326 


13-80 


15-31 


16-79 


17-99 


20-23 


17-6 


300 


14-45 


1602 


17-48 


18-83 


21-18 


19-2 


276 


1619 


16-86 


18-37 


19-79 


22-26 


21-1 • 


260 


16-04 


17-80 


19-40 


20-91 


23-52 


23-5 


226 


17-06 


18-91 


20-62 


22-21 


24-99 


26-4 


200 


18-25 


20-24 


22-07 


23-78 


26-76 


80-2 


175 


19-71 


21-87 


23-86 


26-69 


28-90 


35-2 


160 


21-67 


23-92 


2609 


28-11 


81-62 


87-7 


140 


22-46 


24-91 


2716 


29-26 


82-92 


42-2 


126 


28-99 


26-62 


2903 


31-27 


85-18 


48- 


110 


26-87 


28-69 


31-29 


33-71 


87-92 


62-8 


100 


27-36 


80-35 


3310 


35-66 


40*11 


68-7 


90 


29-12 


32-81 


35-23 


37-96 


42-69 


66- 


80 


31-23 


34-64 


37-78 


40-70 


45-79 


75-4 


70 


83*82 


37-61 


40-91 


44-07 


49-58 


880 


60 


37-08 


41-13 


44-86 


48-33 


64-36 


105-6 


60 


41-37 


46-78 


6004 


6391 


60-66 


117-3 


46 


44 08 


48-89 


63-32 


67-44 


64-62 


182- 


40 


47-32 


62-49 


67-25 


61-67 


69-37 


150-8 


36 


61-30 


66-90 


62-06 


66-86 


75-20 


176- 


80 


66-32 


62-47 


68-13 


73-40 


82-66 


211-2 


26 


62-90 


69-77 


7609 


81-97 


92-21 


264- 


20 


72-01 


79-87 


87-11 


93*84 


105-56 


852- 


15 


85-68 


95-05 


103-66 


111-67 


126-61 


528- 


10 


109-26 


121-19 


132-17 


142-39 


160-17 


686-7 


9 


116-81 


129-01 


140-70 


161-68 


170-60 . 


660- 


8 


124-68 


138-30 


150-83 


162-49 


182-78 


754-3 


7 


134-84 


149-57 


16312 


175-73 


197-67 


880- 


6 


! 147-69 


163-60 


178-42 


192-22 


216-22 


1066- 


6 


163-82 


181-71 


198-17 


213-60 


24016 


1320- 


4 


185-99' 


206-31 


225-00 


242-39 


272-66 


1760- 


3 


218-58 


242-46 


264-42 


284-86 


820-43 


2640- 


2 


278-79 


303-70 


331-22 


356-82 


401-37 


6280- 


1 


406-74 


450-07 


490-84 


628-79 


694-82 
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Table VIII. — ^Fob finding the mean velocities of water 

FLOWING IN PIPES, DRAINS, STREAMS, AND RIVERS. 

For a full cylindrical pipe, divide the diameter bj 4 to find the 

hydraulic mean depth. 

OPEN DRAINS AND PIPES. 

Diameters of pipes 6 inches to l^ inches. Falls per mile 1 inch 

to 1^ feet. 



Falls per mUe in feet and 
inches, and the 


''Hydraulic mean depths,** or " mean radii,** and 
velocities in inches oer second. 


hydraulic : 


inclinations. 






K 






Falls. 


Inclinations^ 
one in 


1^ inch. 


If in. in- 
terpolated 


2 inches. 


2i inches. 


3 inches. 


F. I. 
1 


63360 


1-07 


1-16 


1-24 


1-40 


1-66 


2 


81680 


1-66 


1-80 


1-94 


2-19 


2-41 


3 


21120 


212 


2-30 


2-48 


2-80 


3-08 


4 


15840 


2-52 


2-73 


2-94 


3-34 


3-66 


5 


12672 


2-86 


311 


3-36 


3-77 


4-16 


6 


10560 


3-18 


3-45 


3-72 


4-19 


4-62 


7 


9051 


3-47 


3-77 


4-06 


4-58 


6-04 


8 


7920 


3-75 


4-06 


4-38 


4-94 


5*44 


9 


7040 


4-01 


4-34 


4-68 


5-28 


5-81 


10 


6336 


4-25 


4-61 


4-97 


5-60 


6-17 


11 


5760 


4-49 


4-86 


5-24 


5-91 


6-51 


1 


5280 


4-71 


511 


6-51 


6-21 


6-84 


1 3 


4224 


5*34 


5-79 


6-24 


703 


7-75 


1 6 


3520 


6-91 


6-41 


6-91 


7-79 


8-58 


1 9 


3017 


6-44 


6-99 


7-63 


8-49 


9-35 


2 


2640 


6-94 


7-53 


8-11 


9-14 


10-07 


2 3 


Interpolated. 


7-40 


8-03 


8-65 


9-74 


10-74 


2 6 


2112 


7-86 


8-52 


9-18 


10-35 


11-40 


2 9 


Interpolated. 


8-28 


8-98 


9-67 


10-90 


12-01 


3 


1760 


8-70 


9-43 


1016 


11-46 


12-62 


3 3 


Interpolated. 


9-09 


9-85 


10-62 


11-97 


13-19 


3 6 


1508 


9-48 


10-28 


11-08 


12-48 


13-76 


3 9 


Interpolated. 


9-84 


10-67 


11-50 


12-96 


14-29 


4 


1320 


10-21 


1107 


11-93 


13-44 


14-81 


4 6 


Interpolated. 


10-89 


11-80 


12-72 


14-34 


15-80 


6 


1056 


11-56 


12-54 


13-51 


15-23 


16-78 


5 6 


Interpolated. 


1218 


13-21 


14-24 


16-04 


17-68 


6 


880 


12-80 


13-88 


14-96 


16-86 


18-58 


6 6 


Interpolated. 


13-38 


14-51 


15-64 


17-62 


19-42 


7 


754 


13-96 


15-14 


16-32 


18-39 


20-26 


7 6 


Interpolated. 


14-51 


15-73 


16-95 


19-10 


21-05 


8 


660 


15-06 


16-32 


17-58 


19-82 


21-84 


8 6 


Interpolated. 


15-56 


16 87 


18-18 


20-49 


22-58 


9 


587 


16-07 


17-43 


18-78 


21-17 


23-32 


9 6 


Interpolated. 


16-57 


17-97 


19-36 


21-82 


24-04 


10 


528 


1706 


18-50 


19-94 


22-47 


24-76 


10 6 


Interpolated. 


17-54 


19-01 


20-49 


23-09 


25-45 


11 


480 


18-01 


19-53 


21-04 


2372 


26-13 


11 6 


Interpolated. 


18-47 


20-02 


21-57 


24-32 


26-79 


12 


440 


18-92 


20-51 


22-11 . 


24-91 


27-45 
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Table VIII. — Fob findiko the mean yeijogities of water 

FLOWING IN PIPES, DBA1N8, STREAMS, AND BiVERS. 

For a fall cylindrical pipe, divide the diameter by 4 to find the 

hydraulic mean depth. 

Pipes. 

Diameters of pipes 6 inches to 14 inches. FaUsper mile 13 feet to 

62S0 feet. 



Fallf per i 


mile in feet, 


" HTdraolic mean depths,** 


or "mean 


radii." 


anu, kue 
hydrauHc inclinations. 


and velocities in inches 


1 per second. 


FaUs. 


Inclinations, 
one in 


1^ inch. 


2 inches. 


2) inches. 


3 inches. 


Z\ inches. 


p. 
13-2 


400 


19-97 


23-34 


26-30 


28-98 


81-44 


13-6 




20-34 


23-77 


26-79 


29-52 


32-03 


141 


376 


20-72 


24-21 


27-28 


80-06 


32-62 


14-6 




21-13 


24*69 


27-83 


30-67 


33-27 


15-1 


360 


21-56 


26-18 


28-38 


31-27 


33-93 


]6'6 




2201 


25-72 


28-99 


81-94 


34-66 


16-2 


326 


22-48 


26-27 


29-60 


82-62 


36-89 


17-6 


300 


23-63 


27-50 


30-99 


34-15 


87-06 


19-2 


276 


24-74 


28-90 


32-67 


35-89 


88-94 


21-1 


250 


26-13 


30-53 


34-41 


37-91 


41-14 


23*5 


226 


27-76 


32-44 


36-56 


40-28 


43-71 


26*4 


200 


29-72 


34-72 


89-13 


43-12 


46-79 


30-2 


175 


3211 


37-62 


42-28 


46-69 


60-66 


86'2 


150 


3613 


41-04 


46-26 


50-97 


66-30 


87-7 


140 


36-67 


4278 


48-16 


53-07 


57-68 


42-2 


125 


39-08 


45-66 


61-46 


56-71 


61-63 


48' 


110 


42-13 


49-23 


56-48 


61-13 


66-83 


62'8 


100 


44-67 


6207 


68-69 


64-67 


70-17 


58-7 


90 


47-43 


55-42 


62-46 


68-83 


74-68 


66' 


80 


60-87 


59-44 


66-99 


73-81 


80-09 


75-4 


70 


55-08 


64 36 


72-50 


79-92 


86-72 


88- 


60 


60-39 


70-57 


79-53 


87-63 


95-09 


105-6 


50 


67-38 


78-73 


88-73 


97-77 


106-08 


117-3 


46 


71-79 


83-88 


94-54 


104-17 


113-03 


182- 


40 


77-07 


90-06 


101-50 


118-84 


121-35 


150-8 


36 


83-65 


97-68 


110-03 


121-24 


131-56 


176- 


30 


91-72 


107-18 


120-79 


188-10 


144-41 


211-2 


25 


102*44 


119-70 


134-90 


148-66 


161-29 


264' 


20 


117-28 


137-03 


154-44 


170-18 


184-65 


352' 


16 


139-56 


16a^06 


183-78 


202-60 


219-72 


628- 


10 


177-95 


20^92 


234-33 


268-21 


280-16 


586'7 


9 


189-43 


221-34 


249-46 


274-87 


298-24 


660- 


8 


203-07 


237-28 


267-42 


294-67 


319-72 


764-3 


7 


219-61 


266-61 


289-20 


318-67 


345-77 


880- 


6 


240-22 


281-36 


316-88 


348-67 


378-20 


1056- 


6 


266-81 


311-76 


861-35 


387-16 


420-07 


1320- 


4 


302-92 


363-95 


398-91 


• 489-55 


476-98 


1760- 


3 


356-00 


415-96 


468-80 


516-67 


560-49 


2640- 


2 


445-93 


621-04 


687-22 


647-06 


702-08 


6280' 


1 


660-84 


772-16 


870-23 


958-91 


1040-44 
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Table VIII. — Fob finding the keam velocities of water 

FLOWING IN PIPES, DRAINS, STRBAVS, AND RIVERS. 

For a full cylindiical pipe, divide the diameter by 4 to find the 

hydraulic mean depth. 

Diameters of pipes 14 inches to 2$i inches. Falls per mUe 1 inch 

to 12 feet. 



Falls per mile in feet and 

inchet, and the 

hydraulic inclinations. 


" Hydraulic mean depths^*' 
and yelocities in inchei 


or '* mean radii/ 
1 per second. 


Falls. 


Inclinations, 
one in 


3j^ inches. 


4 inches. 


4) incheft. 


5 inches. 


5^ inches. 


F. 


I. 

















1 


63360 


1-68 


1-80 


1-91 


2-02 


2-13 





2 


31680 


2-61 


2-81 


2-98 


8-15 


3-82 





3 


21120 


3-34 


3-59 


3-82 


4-03 


4-24 





4 


15840 


3-96 


4-25 


4-52 


4-78 


5-02 





5 


12672 


4-51 


4-84 


515 


5-44 


5-72 





6 


10560 


6-01 


5-37 


5-72 


6-04 


6-35 





7 


9051 


5-47 


5-87 


e-24 


6-60 


6-94 





8 


7920 


5-90 


6-33 


6-74 


7-12 


7-48 





9 


7040 


6-81 


6-77 


7-20 


7-61 


8-00 


10 


6336 


6-70 


7-18 


7-64 


8-08 


8-49 


11 


5760 


7-06 


7-58 


8-06 


8-52 


8-96 


1 





5280 


7-42 


7-96 


8-47 


8-95 


9-41 


1 


3 


4224 


8-41 


9-02 


9-60 


10-14 


10-66 


1 


6 


3520 


9-31 


9-99 


10-63 


11-23 


11-80 


1 


9 


3017 


10-16 


10-89 


11-58 


12-24 


12-86 


2 





2640 


10-93 


11-73 


12-47 


13-18 


13-86 


2 


3 


Interpolated. 


11-65 


12-50 


13-30 


1405 


14-77 


2 


6 


2112 


12-37 


13-28 


14-12 


14-93 


15-69 


2 


9 


Interpolated. 
1760 


13-03 


13-68 


14-88 


15-72 


16-53 


3 





13-69 


14-69 


15-63 


16-52 


17-36 


3 


3 


Interpolated. 


14-31 


15-35 


16-38 


17-26 


18-14 


8 


6 


1508 


14-92 


16-01 


17-08 


18-00 


18-92 


3 


9 


Interpolated. 


15-50 


16-63 


17-69 


18-70 


19-65 


4 





1320 


16-07 


17-25 


18-85 


19-89 


20-38 


4 


6 


Interpolated. 


17-14 


18-39 


19-56 


20-68 


21-73 


5 





1056 


18-21 


19-58 


20-78 


21-96 


23-08 


5 


6 


Interpolated. 


19-18 


20-58 


21-90 


2814 


24-82 


6 





880 


20-16 


21-63 


28-01 


24-82 


25-56 


6 


6 


Interpolated. 


21-07 


22-61 


24-05 


25-42 


26-72 


7 





754 


21-98 


23-59 


25-09 


26-52 


27-87 


7 


6 


Interpolated. 


22-84 


24-50 


26-07 


27-55 


28-96 


8 





660 


23-69 


25-42 


27-04 


28-58 


80*04 


8 


6 


Interpolated. 


24-50 


26-29 


27-97 


29-55 


81-06 


9 





587 


25-31 


27-54 


28-89 


30-53 


82-09 


9 


6 


Interpolated. 


26-09 


27-99 


29-78 


31-47 


38-08 


10 





528 


26-87 


28-83 


80-67 


32-41 


84-06 


10 


6 


Interpolated. 


27-61 


29-62 


81-52 


83-31 


35-01 


11 





480 


28-85 


30-42 


32-87 


34-20 


35-95 


11 


6 


Interpolated. 


29-07 


81-19 


88-18 


85-07 


86-86 


12 





440 


29-79 


31-96 


84-00 


35-93 


37-77 



p 2 
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Table VIII. — For finding the mean velocities ^*of water 

FLOWING IN PIPES, DRAINS, STREAMS, AND RIVERS. 

For a full cylindrical pipe, divide the diameter by 4 to fiiid the 

hydraulic mean depth. 

Diameters of pipes 16 inches to ^ feet. Falls per mile IS feet to 

6^80 feet. 



Falls per mile in feet, 


" Hydraulic mean depths/' 


or " mean 


rftdii," 


hydraulic 


inclinations. 


and velocities in inchea 


per second. 


FalU. 


Inclinations, 
one in 


4 inches. 


4^ inches. 


6 inches. 


6^ inches. 


6 inches. 


18-2 


400 


33-74 


35-89 


37-93 


39-87 


41-72 


i3-6 


Interpolated. 


34-37 


36-56 


38-64 


40-61 


42-50 


141 


376 


3600 


37-23 


39-36 


41-36 


43-28 


14-6 


Interpolated. 


36-70 


37-98 


4014 


42-19 


44-15 


161 


350 


36-40 


38-73 


40-92 


43-02 


4501 


15-6 


Interpolated. 


37-19 


39-66 


41-81 


43-94 


45-99 


16-2 


326 


37-97 


40-40 


42-69 


44-87 


46-96 


17-6 


300 


39-76 


42-29 


44-69 


46-97 


49-16 


19-2 


276 


41-78 


44-46 


46-97 


49-38 


61-67 


21*1 


260 


4414 


46-96 


49-62 


62-16 


54-68 


23-6 


226 


46-90 


49-90 


62-72 


65-42 


68-00 


26-4 


200 


60-20 


63-41 


66-44 


69-32 


62-08 


30-2 


176 


64-24 


67-71 


60-98 


64-10 


67-07 


36-2 


160 


69-34 


63-13 


66-71 


70-12 


73-37 


37-7 


140 


61-78 


65-72 


69-45 


73-00 


76-39 


42-2 


126 


66-02 


70-23 


74-22 


78-01 


81-64 


48- 


110 


71-17 


75-72 


80-01 


84-10 


88-00 


52-8 


100 


76-29 


80-09 


84-64 


88-97 


93-10 


68-7 


90 


80-13 


85-25 


90-08 


94-69 


9909 


66- 


80 


86-93 


91-42 


96-61 


101-54 


106-26 


76-4 


70 


93-04 


98-98 


104-60 


109-95 


115-06 


88- 


60 


102-02 


108-54 


114-70 


120-56 


126-16 


105-6 


60 


113-82 


121-09 


127-96 


134-50 


140-74 


117-3 


46 


121-2r 


129-01 


136-34 


143-30 


149-90 


132- 


40 


130-20 


138-61 


146-38 


163-86 


161-00 


160-8 


36 


141-14 


160-16 


168-68 


166-79 


174-63 


176- 


30 


164-96 


164-84 


174-20 


183-10 


191-61 


211-2 


26 


173-06 


184-10 


194-56 


204-60 


214-00 


264- 


20 


198-12 


210-77 


222-73 


234-11 


244*98 


352- 


16 


236-76 


250-80 


266-04 


278-58 


291-62 


628- 


10 


300-60 


319-80 


337-96 


355-22 


371-71 


686-7 


9 


320-00 


340-43 


359-76 


378-14 


396-70 


660- 


8 


343-04 


359-66 


386-67 


406-37 


424-20 


764-3 


7 


370-99 


394-68 


417-08 


438-39 


458-76 


880- 


6 


406-79 


431-70 


466-21 


479-62 


501-79 


1066- 


6 


460-71 


. 479-49 


606-71 


532-60 


657-34 


1320- 


4 


611-72 


644-39 


576-30 


604-69 


632-78 


1760- 


3 


601-38 


639-78 


676-10 


710-64 


743-65 


2640- 


2 


763-29 


801-39 


846-89 


890-16 


931-50 


6280- 

■ - 


1 


1116-36 


1187-62 


1256-04 


1319-17 


1380-44 
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Table Vill. — ^Fob finding the mean vEiiOcrnEs of wateb 

FLOWING in pipes, DRAINS, STREAMS, AND RIVERS. 

The hydraulic mean depth is found iot all channels, by dividing 

the wetted perimeter into the area. 

Hydraulic mean depths 6 inches to 10 inches. Falls per mile 1 inch 

to lUfeet. 



FaUs 


per m 

incheSj 
lraulic 


tie in feet and 


** Hydranlic mean depths,"' 


or ''mean 


radii," 


by^ 


) KIIU hllO 

inclinations. 


and velocities in inches 


per second. 


FaUs. 


Inclinations, 

one in 


6 inches. 


7 inches. 


8 inches. 


9 inches. 


10 inches. 


F. 


I. 

















1 


63360 


2-23 


2-41 


2-68 


2-76 


2-90 





2 


31680 


3-47 


3-76 


403 


4-28 


4-52 





3 


21120 


4-43 


4-80 


615 


5-47 


5-78 





4 


16840 


6-26 


5-69 


6-10 


6-49 


6-85 





5 


12672 


5-98 


6-48 


6-95 


7-39 


7-80 





6 


10560 


6-65 


7-20 


7-72 


8-20 


8-66 





7 


9051 


7-26 


7-86 


8-43 


8-96 


9-46 





8 


7920 


7-83 


8-48 


909 


9-67 


10-21 





9 


7040 


8-37 


9-07 


9-72 


10-33 


10-91 





10 


6336 


8-88 


9-63 


10-32 


10-97 


11-58 


11 


6760 


9-37 


10-16 


10-89 


11-57 


12-22 


1 





5280 


9-84 


10-67 


11-43 


12-15 


12-83 


1 


3 


4224 


1116 


12-09 


12-95 


13-77 


14-54 


1 


6 


3520 


12-35 


13-38 


14-34 


15-25 


1610 


1 


9 


3017 


13-46 


14-58 


15-63 


16-61 


17-64 


2 





2640 


14-50 


15-71 


16-84 


17-90 


18-90 


2 


3 


Interpolated. 


15-46 


16-76 


18-24 


19-08 


20-16 


2 


6 


2112 


16-42 


17-79 


19-64 


20-26 


21-40 


2 


9 


Interpolated. 


17-29 


18-74 


20-37 


21-34 


22-54 


3 





1760 


18-17 


19-69 


2110 


22-42 


23-68 


3 


3 


Interpolated. 


18-99 


20-57 


22-05 


23-43 


24-75 


3 


6 


1508 


19-80 


21-46 


2300 


24-44 


25-81 


3 


9 


Interpolated. 


20-56 


22-28 


23-88 


25-38 


26-80 


' "4 





1320 


21-33 


23-11 


24-77 


26-32 


27-80 


4 


6 


Interpolated. 


22-74 


24-64 


26-41 


28-07 


29-64 


5 





1056 


24-16 


26-17 


28-05 


29-81 


31-48 


5 


6 


Interpolated. 


25-46 


27-58 


29-56 


31-42 


3317 


6 





880 


26-75 


28-98 


31-06 


33-02 


34-86 


6 


6 


Interpolated. 


27-96 


30-29 


32-47 


34-51 


36-44 


7 





754 


29-17 


31-60 


33-87 


36-00 


3802 


7 


6 


Interpolated. 


30-30 


32-83 


35-19 


37-40 


39-60 


8 





660 


31-43 


34-06 


36-60 


38-80 


40-97 


8 


6 


Interpolated. 


32-51 


86-22 


37-76 


40-12 


42-37 


9 





587 


33-58 


36-39 


38-99 


41-46 


43-77 


9 


6 


Interpolated. 


34-61 


37-60 


40-20 


42-72 


46-11 


10 





628 


35-65 


38-63 


41-40 


44-00 


46-46 


10 


6 


Interpolated. 


36-63 


39-69 


42*64 


45-22 


47-75 


11 





480 


37^62 


40-76 


43-69 


46-44 


49-03 


11 


6 


Interpolated. 


38-57 


41-79 


44-79 


47-61 


60-27 


12 





440 


39-52 


42-82 


45-90 


48-78 


61-51 



9 



/^ 
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Tablb VIII. — Fob finding the mean yblocities of water 

FLOWING IN PIPES, DRAINS, STREAMS, AND RIVERS. 

The hydraulic mean depth is found for all channels by dividing the 

wetted perimeter into the area. 

Hydravlie mean depths 11 inches to ^l inches. Falls per mile 1 inch 

to 12 feet. 



FalU 


1 per mile in feet and 


" Hydranlic mean depths," 


or "mean 


radii," 




mchet, and the 


and relocities in inches ner second. 1 


hydranlie 


inclinationi. 








m 




FallA. 


Inclinations, 

• 


11 inches. 


12 inches. 


15 inches. 


18 inches. 


21 inches. 






one in 












F. 


I. 

















1 


63860 


8-05 


3-19 


3-57 


8-92 


4-25 





2 


81680 


4-75 


4-97 


5-57 


612 


6-62 





8 


21120 


6-07 


6-35 


7-12 


7-82 


8-46 





4 


15840 


7-19 


7-53 


8-44 


9-27 


10*03 





6 


12672 


8-19 


8-57 


9-61 


10-55 


11-42 





6 


10560 


9-10 


9-52 


10-67 


11-72 


12-68 





7 


9051 


9-94 


10-39 


11-66 


12-80 


13-85 





8 


7920 


10-72 


11-21 


12-57 


13-81 


14-94 





9 


7041 


11-46 


11-99 


13-44 


14-76 


15-97 





10 


6386 


12-16 


12-72 


14-27 


15-66 


16-95 





11 


5760 


12-83 


13-42 


15-05 


16-53 


17-88 


1 





5280 


13-48 


14-09 


15-81 


17-36 


18-78 


1 


8 


4224 


15-27 


15-97 


17-91 


19-67 


21-28 


1 


6 


8520 


16-91 


17-68 


19-83 


21-78 


23-56 


1 


9 


8017 


18-23 


19-27 


21-62 


23*78 


25-68 


2 





2640 


19-85 


20-76 


23-28 


25-63 


27*66 


2 


8 


Interpolated. 


21-16 


22-13 


24-82 


27-29 


29-49 


2 


6 


2112 


22-48 


23-51 


26-36 


28-95 


31-32 


2 


9 


Interpolated. 
1760 


23*68 


24-76 


27-77 


80-49 


32-99 


8 





24-88 


2602 


29-18 


32-04 


84-67 


8 


8 


Interpolated. 


25-99 


2718 


80-47 


33-48 


36-22 


8 


6 


1508 


27-11 


28-35 


81-77 


34-92 


37-78 


3 


9 


Interpolated. 


28-15 


29-45 


33-01 


86-26 


39-23 


4 





1320 


29-20 


30-54 


84-25 


87-60 


40-69 


4 


6 


Interpolated. 


81-18 


32-56 


86-52 


40-10 


43-39 


5 





1056 


8307 


34-59 


88-79 


42-59 


46-09 


5 


6 


Interpolated. 


34-85 


36-44 


40-87 


44-88 


48-56 


6 





880 


36-62 


38 30 


42-95 


47-16 


51*03 


6 


6 


Interpolated. 


38-28 


40-03 


44-90 


49-30 


53-34 


7 





754 


39-93 


41-76 


46-84 


51-43 


55-65 


7 


6 


Interpolated. 


41-48 


43-39 


48-66 


53-43 


57-81 


8 





660 


43-04 


45-01 


50-48 


55-42 


59-97 


8 


6 


Interpolated. 


44-50 


46-54 


52-20 


57-32 


62-02 


9 





587 


45-97 


48-08 


53-92 


69-21 


64-06 


9 


6 


Interpolated. 


47-39 


49-56 


55-58 


61-03 


66*04 


10 





528 


48-80 


51-04 


57-24 


62-85 


68-01 


10 


6 


Interpolated. 


50-15 


52-45 


58-88 


64-59 


69-89 


11 





480 


51-51 


53-87 


60-41 


66-33 


71-78 


11 


6 


Interpolated. 


52-81 


55-23 


61-94 


68-01 


73-59 


12 





440 


54-11 


56-59 


68-47 


69-68 


75-40 
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Tabim YIII. — Fob nNDiNO the mean velocities of water 

FLOWING IK FIFES, DRAINS, STREAMS, AND BIYEBS. 

The hydraulic mean depth is found for all channels by dividing the 

wetted perimeter into the area. 

Hydraulic mean depths 84 in dies to 4 feet. Falls per mile 1 inch 

to l^feet. 



Falls per mile in feet and 
inchefl, and the 


" H jdranlie mean deptks," 


Of ''meaii 


tadii," 


and Telodties in inches 


per second. 1 


hydraalie 


inclmationfl. 












FaUfl. 


Inclinations, 
one in 


24 inches. 


30 inches. 


36 inches. 


42 inches. 


48 inches. 


F. I. 














1 


63860 


4-54 


5*09 


5-59 


604 


6-47 


2 


81680 


709 


7-94 


8-71 


9-42 


10-08 


3 


21120 


9-06 


10-15 


11-14 


12-04 


12-89 


4 


15840 


10-78 


1203 


13-20 


14-27 


15-27 


5 


12672 


12-22 


13-69 


16-03 


16-26 


17-39 


6 


10560 


18-67 


15-21 


16-69 


18-05 


19-81 


7 


9051 


14-83 


16-61 


18-23 


19-71 


21-09 


8 


7920 


15-99 


17-92 


19-66 


21-27 


22-76 


9 


7041 


17-10 


1916 


21-02 


22-73 


24-88 


10 


6386 


18-15 


20-33 


22-31 


24-13 


25-82 


11 


6760 


19-16 


21-46 


23-64 


26-46 


27-24 


1 


5280 


20-11 


22-53 


24-72 


26-78 


28-61 


1 3 


4224 


22-78 


26-63 


28-01 


30-29 


82*42 


1 6 


8520 


26-23 


28-27 


81-02 


83-54 


85-90 


1 9 


8017 


27-49 


80-81 


83-80 


86-66 


89-12 


2 


2640 


29-62 


88-18 


86-41 


89-38 


42-14 


2 8 


Interpolated. 


81-57 


86-38 


88-82 


41-98 


44-92 


2 6 


2112 


83-68 


87-67 


41-22 


44-68 


47-71 


2 9 


Interpolated. 


86-82 


89-68 


43-43 


46-96 


50-26 


8 


1760 


8711 


41-68 


45-63 


49-34 


52*81 


8 8 


Interpolated. 


88-78 


43-45 


47-68 


51-66 


56-18 


8 6 


1608 


40-45 


46-32 


49-73 


63-78 


57-66 


3 9 


Interpolated. 


42-00 


47-07 


51-64 


55-86 


59-77 


4 


1820 


43-56 


48-81 


58-66 


57-92 


61-98 


4 6 


Interpolated. 


46-46 


5205 


5711 


61-76 


66-09 


5 


1066 


49-34 


55-28 


60-66 


66-60 


70-20 


5 6 


Interpolated. 


51-99 


58-25 


68-91 


69-12 


73-97 


6 


880 


54-63 


61-22 


67-17 


72-64 


77-74* 


6 6 


Interpolated. 


57-11 


63-99 


70-21 


75-93* 


81-26 


7 


754 


59-68 


66-76 


73-26 


79-21 


84-77 


7 6 


Interpolated. 


61-89 


69-35 


76-09* 


87-29 


88-06 


8 


660 


64-21 


71-94 


78-94 


86-37 


91-35 


8 6 


Interpolated. 


66-40 


74-40 


81-68 


88-26 


94-47 


9 


687 


68-69 


76-85* 


84-32 


91-19 


97-59 


9 6 


Interpolated. 


70-60 


79-22 


86-92 


94-00 


100-69 


10 


628 


72-81 


81-68 


89-52 


96-81 


103-60 


10 6 


Interpolated. 


74-83 


83-84 


91-99 


99-49 


106-47 


11 


480 


76-84» 


86-10 


94-47 


10217 


109-38 


11 6 


Interpolated. 


78-78 


88-28 


96-86 


104-75 


112*10 


12 


440 


80-72 


90-45 


99-25 


107-33 


114*86 



11 
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Table VIII. — ^Fob FiNDiNa the mean velocities of water 

FLOYTING IN PIPES, DRAINS, STREAMS, AND RIVERS. 

The hydraulic mean depth is found for all channels by dividing the 

wetted perimeter into the area. 

Hydraulic mean depths ^feet 6 inches to IfeeU FalUper mile I inch 

to l^feet. 



Falli per mile in feet and 

inches, and the 

hydraulic inclinationf. 


" Hydraulic mean depths," 


or '* mean 


radii," 


and Yelocities in inchei 


\ per second. 


•FallB. 


Inclinationf, 
one in 


64 inches. 


60 inches. 


66 inches. 


72 inches. 


84 inches. 


F. I. 












• 


1 


68360 


6-86 


7-24 


7-60 


7-94 


8-68 


2 


81680 


10-70 


11-29 


11-86 


12-88 


13-39 


8 


21120 


13-68 


14-62 


15-14 


16-83 


17-11 


4 


15840 


16-21 


17-10 


17-95 


18-76 


20-28 


5 


12672 


18-46 


19-47 


20-43 


21-35 


23-13 


6 


10660 


20-60 


21-63 


22-70 


23-72 


26-64 


7 


9061 


22-39 


23-62 


24-79 


26-90 


2800 


8 


7920 


24-16 


26-48 


26-74 


27-95 


30-21 


9 


7041 


26-83 


27-24 


28-59 


29-88 


32-30 


10 


6336 


27-41 


28-91 


80-34 


31-71 


34-28 


11 


6760 


28-92 


80-61 


32-01 


33-46 


36-17 


1 


6280 


80-37 


82-03 


33-62 


3513 


37-98 


1 8 


4224 


84-41 


36-30 


3810 


39-81 


43-04 


1 6 


8620 


8810 


40-19 


42-18 


44-08 


47-65 


1 9 


8017 


41-62 


43-80 


46-97 


48-04 


61-93 


2 


2640 


44-73 


47-18 


49-62 


61-76 


66-94 


2 8 


Interpolated. 


47-69 


60-30 


62-79 


56-17 


59-64 


2 6 


2112 


60-65 


63-42 


66-07 


68-59 


63-34 


2 9 


Interpolated. 


63-36 


66-28 


69-06 


61-72 


66-72 


8 


1760 


6606 


69-18 


62-06 


64-85 


7010 


8 3 


Interpolated. 


68-67 


61-79 


64-84 


67-76 


78-25 


8 6 


1608 


61-09 


64-44 


67-63 


70-67 


76-40* 


8 9 


Interpolated. 


63-44 


66-92 


70-23 


73-39 


79-35 


4 


1320 


66-80 


69-41 


72-84 


7611* 


82-29 


4 6 


Interpokted. 


70-16 


74-01 


77-67* 


81-16 


87-74 


5 


1056 


74-62 


78-61* 


82-60 


86-21 


93-20 


5 6 


Interpolated. 


78-62» 


82-83 


86-92 


90-84 


98-20 


6 


880 


82-62 


87-05 


91-35 


96-46 


103-20 


6 6 


Interpolated. 


86-26 


90-98 


95-68 


99-78 


107-87 


7 


764 


89-99 


94-92 


99-62 


104-10 


112-64 


7 6 


Interpolated. 


93-48 


98-61 


103-48 


108-14 


116-91 


8 


660 


96-98 


102-30 


107-35 


112-19 


121-28 


8 6 


Interpolated. 


100-29 


106-79 


111-02 


116-01 


126-42 


9 


687 


103-59 


109-27 


114-68 


119-84 


129-66 


9 6 


Interpolated. 


106-78 


112-64 


118-21 


123-63 


133-55 


10 


628 


109-97 


116-01 


121-74 


127-22 


137-54 


10 6 


Interpolated. 


11302 


119-22 


126-11 


130-74 


141-34 


11 


480 


11606 


122-43 


128-48 


134-27 


146-15 


11 6 


Interpolated. 


119-00 


12662 


131-73 


137-66 


148-82 


12 


440 


121-93 


128-61 


134-97 


14106 


162-49 



12 
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Table VIII. — Fob finding the mean velocities of wateb 

FLOWING IN PIPES, DRAINS, STREAKS, AND RIVEBS. 

The hydraulic mean depth is found for all channels by dividing the 

wetted perimeter into the area. 

Hydraulic mean depths S feet to 12 feet. Falls per mile 1 inch 

to 12 feet. 



FalU 


per mile in feet and 


'' Hydraulic mean depths/' 


or " mean ] 


radii.** 




inches 


, ana tne 


and Telocities in inchei 


) per second. II 


hydraulic inclinations. 








» 




Falls. 


Inclinations, 
one in 


96 inches. 


108 
inches. 


120 
inches. 


132 
inches. 


144 
inches. 





I. 
1 


63360 


9-18 


9-75 


10-28 


10-79 


11-27 





2 


31680 


14-32 


15-20 


1603 


16-82 


17-57 





3 


21120 


18-30 


19-43 


20-49 


21-50 


22-46 





4 


15840 


21-69 


23-02 


24-28 


25-47 


26-62 





5 


12672 


24-70 


26-21 


27-64 


29-00 


80-31 





6 


10560 


27-43 


2911 


30-70 


32-21 


33-66 





7 


9051 


29-96 


31-80 


33-53 


35-18 


36-76 





8 


7920 


32-82 


34-30 


36-18 


37-96 


39-66 





9 


7041 


34-56 


36-67 


38-67 


40-58 


42-40 





10 


6336 


36-67 


38-92 


4104 


4307 


45-00 





11 


6760 


38-69 


41-06 


43-31 


46-44 


47-48 


1 





6280 


40-63 


43-12 


46-48 


47-72 


49-86 


1 


3 


4224 


46-04 


48-87 


51-64 


64-07 


66-60 


1 


6 


3520 


50-98 


64-11 


6706 


59-87 


62-56 


1 


9 


3017 


55-60 


58-96 


6218 


65-25 


68-17 


2 





2640 


59-86 


63-52 


66-98 


70-28 


73-44* 


2 


3 


Interpolated. 


6380 


67-72 


71-41 


74-93* 


78-29 


2 


6 


2112 


67-76 


71-91 


75-84* 


79-58 


83-15 


2 


9 


Interpolated. 


71-38 


75-76* 


79-89 


83-83 


87-59 


8 





1760 


76-00* 


79-59 


83-94 


88-08 


92-03 


3 


3 


Interpolated. 


7837 


83-17 


87-71 


92-03 


96-16 


3 


6 


1608 


81-74 


86-75 


91-48 


95-99 


100-30 


3 


9 


Interpolated. 


84-88 


90-09 


95-01 


99-69 


10416 


4 





1320 


88-03 


93-43 


98-53 


103-38 


108-02 


4 


6 


Interpolated. 


93-87 


99-62 


105-06 


110-24 


115-18 


6 





1066 


99-70 


105-82 


111-69 


117-09 


122-34 


5 


6 


Interpolated. 


105-06 


111-49 


117-58 


123-38 


128-91 


6 





880 


110-41 


117-17 


123-57 


129-66 


135-48 


6 


6 


Interpolated. 


115-40 


122-47 


12916 


136-53 


141-61 


7 





764 


120-40 


127-76 


134-76 


141-39 


147-73 


7 


6 


Interpolated. 


125-07 


132-74 


139-99 


146-88 


163-47 


8 





660 


129-75 


137-70 


145-22 


162-38 


159-21 


8 


6 


Interpolated. 


134-18 


142-40 


16018 


157-57 


164-64 


9 





687 


138-60 


147-10 


156-13 


162-77 


170-07 


9 


6 


Interpolated. 


142-87 


151-63 


159-91 


167-78 


175-31 


10 





528 


147-14 


156-16 


164-68 


172-80 


180-66 


10 


6 


Interpolated. 


151-21 


160-48 


169-24 


177-58 


185-56 


11 





480 


156-29 


164-80 


173-80 


182-36 


190-64 


11 


6 


Interpolated. 


159-21 


168-97 


17819 


186-97 


195-86 


12 





440 


163-13 


173-13 


182-59 


191-58 


200-17 



13 
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TABLE IX. — Fob FiNDiNa tub bisohabge in cubic feet, pee 

MINUTE, WHEN THE DIAMETEB OF A PIPE, OB ORIFICE, AND THE 
VELOCITY OF DISCHARGE ABE KNOWN; AND VICE VEBSA. 






f 
1 

u 

li 



3 

H 
31 



3f 
4 

4i 
4i 
4| 



H 



6 

ei 

6| 
7 

7i 
7i 

71 
8 

8| 
9 

10 

loi 
11 

111 

12 



Dischaige in cubic feet per minute, for different Telocities. 



Velocity of 
100 inches 
per second. 



•170442 

•68177 

1^53398 

2727077 

426106 

613593 

8*35167 

10-90831 

13-80583 

1704423 

20-62352 

24-54369 

28-80475 

33-40669 

38-34952 

4363323 

49-25783 

55-22331 

61-52968 

68-17692 

7516506 

82-49408 

9016399 

98-17478 

10652645 

115-2190 

124-25245 

133-6268 

14334199 

153-39809 

163-79507 

17453293 

19703132 

220-89325 

246 11871 

272-70771 

300-66025 

32997633 

360-65595 

392-6991 



Velocity of 
200 inches 
per second. 



•3409 

1-3635 

30679 

54541 

8-5221 

12-2718 

16-7033 

2 1 1817 

27-6117 

34-0885 

412470 

490874 

576095 

66-8134 

76-6990 

87-2665 

98-5157 

110-4466 

123-0594 

136-3539 

150-3301 

164-9882 

180-3280 

196-3495 

2130529 

230-4380 

248-5049 

267-2536 

286-6840 

3067962 

327-5901 

349-0659 

3940626 

441-7865 

492-2374 

345-4154 

601-3205 

659-9527 

7213119 

785-3982 



Velocity of Velocity of 
300 inches 400 inches 
per second. per second. 



•5113 

20453 

46019 

8-1812 

12-7832 

18-4080 

250550 

32-7249 

41-4175 

51-1327 

61-8706 

73-6311 

86-4143 

100-2201 

115-0486 

130-8997 

1477735 

1656699 

1845890 

204-5308 

225-4952 

247-4822 

270-4920 

294-5243 

319-5794 

345-6570 

372-7574 

400-8804 

430-0260 

460-1943 

491-3852 

523-5988 

5910940 

662-6798 

738-3561 

818-1231 

901-9808 

989-9290 

10819679 

1178-0973 



-6818 

2-7271 

6*1359 

10-9083 

170442 

245437 

334067 

436332 

55-2233 

68-1769 

82-4941 

981748 

115-2190 

133-6268 

153-3981 

174-5329 

1970313 

220-8932 

246-1187 

272-7077 

300-6603 

329-9763 

360-6560 

392-6991 

426- 1058 

460-8760 

4970098 

534-5072 

573-3680 

613-5924 

655-1803 

698-1317 

7881253 

8835730 

984-4748 

1090-8308 

1202-6410 

1319-9053 

1442-6238 

1570-7964 



Velocity of 
500 inches 
per second. 



•8522 

3-4089 

7*6699 

13-6354 

21-3053 

30-6797 

41-7584 

54 5415 

69 0291 

85-2212 

1031176 

121-7185 

144-0238 

167-0335 

191-7476 

2181662 

246-2892 

276-1166 

307-6484 

340-8846 

375-8253 

412-4704 

450-8200 

490-8739 

532-6323 

576-0950 

621-2623 

668-1340 

716-7100 

766-9905 

818-9753 

872-6647 

985- 1566 

1104-4663 

1230-5936 

1363-5386 

1503-3013 

1649-8817 
1803-2798 
1963-4955 
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TABLE IX. — For finding the discharge in cubic feet, per 

MINUTE, WHEN THE DIAMETER OF A PIPE, OR ORIFICE, AND THE 
VELOCITY OF DISCHARGE ARE KNOWN; AND VICE VERSA. 



Discbarge in cubic feet per minute, for different velocitief. 



Velocity of 
600 inches 
per second. 



1-0227 

4-0906 

9*2039 

] 6-36*25 

25-5664 

36-8155 

50-1100 

65-4499 

82-8350 

102-2654 

123-741 1 

147-2621 

1728285 

200-4401 

230-0971 

261-7994 

295-^5470 

331-3399 

3691781 

409-0615 

450-9904 

494-9645 

540-9839 

589-0486 

6391587 

691-3141 

745-5147 

801-7608 

860-0519 

920-3885 

982-7704 

10471976 

11821879 

1325-3595 

1476-7123 

1636-2463 

1803-9615 

1979-8580 

2163-9357 

23561946 



Velocity of 
700 inches 
per second. 



1-1931 

4-7724 

10-7879 

19-0895 

29-8274 

42-9515 

58-4617 

76-3582 

96-6408 

119 3096 

144-3646 

171-8059 

201-6333 

2338468 

268-4467 

305-4326 

344-8048 

:)86-5632 

430-7077 

477-2884 

526-1554 

577-4586 

6311479 

687-2235 

745-6852 

806-5330 

869-7672 

935-3876 

1003*3939 

1073-7866 

1146-5655 

1221-7305 

1379-2192 

1546-2528 

1722-8310 

1908 9540 

2104-6218 

2309-8343 

2524-5917 

2748-8937 



Velocity of 
800 inches 
per second. 



1-3635 

5*4542 

12-2718 

21-8166 

34 0885 

49-0874 

66-8134 

87*2665 

110-4466 

136-3538 

164 9882 

196-3496 

230-4380 

267*2535 

306*7962 

3490659 

394*0626 

441*7865 

492-2374 

545-4154 

601-3205 

659-9526 

721-3119 

785*3982 

852-2116 

921-7520 

9940196 

1069*0144 

1146*7359 

1227*1847 

1310*3605 

1396*2634 

1576-2506 

1767*1460 

1968*9497 

2181*6617 

2405*2820 

2639*8106 

2885*2476 

3141*5928 



Velocity of 
900 inches 
per second. 



1 5340 

6*1359 

13-8058 

24-5437 

38-3495 

55-2234 

75-1650 

98-1748 

124-2525 

153-3981 

185-6117 

220-8933 

259-2428 

300*6602 

345-1457 

392-6991 

443-3205 

497*0098 

553*7671 

613-5923 

676*4855 

742-4467 

811-4759 

883*5730 

958*7381 

1036-9710 

1118-2721 

1202-6412 

1290*0779 

1380*5828 

1474-1556 

1570-7964 

1773*2819 

1988*0393 

2215*0684 

2454*3694 

2705-9423 

2969-7870 

3245^936 

3534 2919 



Velocity of 
1000 inches 
per second. 



17044 

6*8177 

15*3398 

27-2708 

42*6106 

613593 

83-5167 

109*0831 

138-0583 

170*4423 

206 2352 

245-4369 

288-0475 

334 0669 

383*4952 

436 3323 

492*5783 

5522331 

615*2968 

6817692 

7516506 

824-9408 

9016399 

9817478 

1065*2645 

11521900 

1242*5245 

1336*2680 

1433*4199 

1533*9809 

1637*9507 

1745*3293 

19703132 

2208-9325 

2461*1871 

27270771 

3006*6025 

3299*7633 

3606*5595 

3926*9910 
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TABLE X. — Fob finding the depths on weirs of different 

LENGTHS, THE QUANTITY DISCHARGED OVER EACH BEING SUPPOSED 

CONSTANT. (See pages 149 and 150.) 



Ratios of 


Coeffi- 


Ratios of 


Coeffi- 


Ratios of 


Coeffi- 


Ratios of 


Coeffi- 


lengths. 


cients. 


lengths. 


cients. 


lengths. 


cients. 


lengths. 


cients. 


•01 


•0464 


•405 


•5474 


•605 


7153 


•805 


8654 


•02 


•0737 


410 


5519 


•610 


•7193 


•810 


•8689 


•03 


•0965 


415 


•5564 


•615 


7232 


•815 


•8725 


•04 


•1 170 


•420 


•5608 


•620 


7271 


•820 


8761 


•05 


1357 


•425 


•5653 


625 


7310 


•825 


•8796 


•06 


1533 


•430 


•5697 


•630 


•7349 


•830 


•8832 


•07 


1699 


•435 


5741 


•635 


•7388 


•835 


•8867 


•08 


. 1857 


•440 


5785 


•640 


7427 


•840 


•8903 


•09 


2008 


445 


•5829 


•645 


7465 


•845 


•8938 


•10 


2154 


•450 


•5872 


650 


•7504 


•850 


•8973 


11 


2296 


•455 


•5916 


•655 


7542 


•855 


•9008 


•12 


2433 


•460 


5959 


•660 


•7580 


•860 


•9043 


13 


2566 


•465 


•6002 


665 


7619 


•865 


•9078 


14 


•2696 


•470 


•6045 


•670 


7657 


•870 


•9113 


•15 


•2823 


•475 


•6088 


675 


•76?)5 


•875 


•9148 


16 


•2947 


•480 


•6130 


•680 


•7733 


•880 


9183 


17 


•3069 


•485 


•6173 


•685 


7771 


•885 


•9218 


•18 


3188 


•490 


•6215 


•690 


•7808 


•890 


9253 


•19 


•3305 


•495 


•6258 


•695 


•7846 


•895 


•9287 


•20 


•3420 


•500 


•6:^00 


•700 


•7884 


•900 


9322 


•21 


•3533 


•505 


6342 


•705 


7921 


•905 


9356 


22 


•3644 


•510 


•6383 


•710 


•7959 


•910 


9391 


•23 


•3754 


•515 


6425 


•715 


•7996 


•915 


•9425 


•24 


•3862 


•520 


•6466 


•720 


•8033 


•920 


•9459 


25 


•3969 


•525 


•6508 


725 


•8o:o 


925 


•9494 


•26 


•4074 


•530 


•6549 


730 


•8107 


•930 


9528 


27 


•4177 


•535 


•6590 


735 


•8144 


•935 


•9562 


•28 


•4280 


•540 


6631 


•740 


•8181 


•940 


•9596 


•29 


•4381 


545 


•6672 


•745 


•8218 


•945 


•9630 


•30 


•4481 


•5.50 


•6713 


•750 


•8255 


•950 


•9664 


•31 


•4580 


•555 


•67-54 


•755 


•8291 


•955 


•9698 


•32 


•4678 


•560 


•6794 


•760 


•8328 


•960 


9732 


33 


4775 


•565 


•6834 


•765 


•8365 


•965 


•9762 


•34 


•4871 


•570 


•6875 


•770 


8401 


•970 


•9799 


35 


•4966 


575 


•6915 


•775 


•8437 


•975 


•9833 


36 


•5061 


•580 


•6955 


•780 


•8474 


•980 


•9866 


37 


•5154 


•585 


•6995 


•785 


•8510 


•985 


•9900 


•38 


•5246 


•590 


•7035 


•790 


•8546 


•990 


•9933 


•39 


•5338 


•595 


•7074 


•795 


•8582 


995 


•9967 


•40 


•5429 


•600 


•7114 


•800 


•8618 


1000 


10000 
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Table XI. — Relative dimensions of equal discharging teiape- 

ZOIDAL CHANNELS, WITH SLOPES FROM TO 1, UP TO 2 TO 1. 

Half sum of the top and bottom is the mean width. The ratio of 
the slope, multiplied by the depth, subtracted from the mean 
width, will give the bottom ; and if added, will give the top. 

Table XII. gives the discharge in cubic feet per minute from the 
primary channel, 70 wide, and the corresponding depths taken in 
feet. For lesser or greater channels and discharges, see Rules, 
pp. 123, 124, 125, 126, and 135. 



The mean widths are given in the top horizontal line, and the corresponding 
depths in the other horizontal lines. They may be taken in inches, feet, 
yards, fathoms^ or any other measures whatever. 



70 



•125 
•25 
•376 
•6 

•625 
•75 
•875 
1- 

1-126 
1-25 
1-375 
1-5 
1-625 
1-75 
1-875 
2- 

2125 
2-25 
2-375 
2-5 
2-625 
2-75 
2-875 
3- 

3-125 
3-25 
3-375 
3-5 
3-625 
3-75 
3-876 
4- 

4-25 
4-5 
4-75 
5- 

6-25 
5-5 
5-75 
6- 



60 


60 


40 


35 


30 


26 


•13 


-15 


•17 


-20 


-23 


•26 


•27 


•30 


•36 


•40 


•45 


-62 


•41 


-46 


•54 


•60 


• -67 


-76 


•66 


•62 


•73 


•80 


-89 


102 


•68 


•78 


•91 


1-00 


112 


1-29 


•82 


-94 


1^10 


1-20 


1-35 


1-56 


•96 


1-10 


129 


1-41 


1-58 


1^83 


1-10 


1-26 


1-48 


1-62 


1-81 


2-10 


1-24 


1-42 


1-67 


1-83 


2-04 


2-37 


1-39 


1-58 


1-86 


2^04 


2-28 


2-65 


1-63 


1-74 


2-05 


2-25 


2-61 


292 


1-67 


1-90 


2-24 


2-46 


2-75 


3-20 


1-81 


2-06 


2-43 


2-67 


2-99 


3-47 


1-95 


2-22 


2-62 


2-88 


3-23 


3-75 


2-09 


2-38 


2-81 


3-09 


3-47 


4-03 


2-23 


2-54 


3-00 


3-31 


3-72 


4-32 


2-37 


2-70 


319 


3-52 


3-96 


4-61 


2-61 


2-86 


3-38 


3-73 


4-21 


4-91 


2-66 


3-02 


3-67 


3-94 


4-46 


5-20 


2-79 


318 


8-76 


4-16 


4-70 


5-50 


2-93 


3-34 


3-95 


4-38 


4-95 


5-79 


3-07 


3-61 


4-15 


4-60 


5-21 


6-09 


3-21 


8-67 


4-34 


4-82 


5-46 


6-39 


3-36 


3-84 


4-54 


5-04 


5-72 


6-69 


3-49 


400 


4-73 


5-26 


5-97 


7-00 


3-63 


4-17 


4-93 


5-49 


6-23 


7-31 


3-77 


4-33 


613 


5-72 


6-49 


7-62 


3-91 


4-50 


5-33 


6-95 


6-75 


7-93 


405 


4-66 


5-53 


6-17 


701 


8-25 


4-19 


4-82 


6-73 


6-40 


7-28 


8-57 


4-33 


4-98 


5-93 


6-62 


7-64 


8-89 


4-48 


5-14 


613 


6-85 


7-81 


9-21 


4-76 


6-46 


6-54 


7-30 


8-35 


9-85 


5-05 


5-79 


6-95 


7-76 


8-90 


10-50 


5-33 


6-12 


7-35 


8-20 


9-45 


11-14 


5-62 


6-45 


7-75 


866 


1000 


11-79 


5-90 


6-78 


816 


914 


10-65 


12-51* 


618 


7-12 


8-67 


9-62 


11-10 


13-24 


6-46 


7-46 


8-98 


10-11 


11-66 


13-94 


6-76 


7-80 


9-40 


10-60 


12-22 


14-65 
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15 



1' 
1- 
1" 



3- 
3- 
3- 
4- 
4- 
4- 
6- 
6- 
6- 



29 

•68 

•88 

19 

•60 

■82 

214 

2-46 

2-79 

12 

46 

80 

•15 

•50 

■86 

•22 

■68 

96 

6-31 

6-68 

7-06 

7-45 

7-83 

8-22 

8-62 

9-02 

9-42 

9-82 

10-23* 

10-65 

1106 

11-48 

12-33 

1319 

14-07 

14-96 

16-86 

16-77 

17-71 

18-66 



•36 

-71 

1-09 

1-48 

1-88 

2-28 

2-69 

3-11 

8-54 

3-98 

4-43 

4-88 

5-34 

5-80 

6-29 

6-78 

7-29 

7-81* 

8-32 

8-84 

938 

9-93 

10-48 

1103 

11-60 

1217 

12-74 

13-32 

13-92 

14-63 

1614 

1675 

16-98 

18-22 

1960 

20-80 

22-13 

23-47 

24-86 

26-25 



10 



-48 

-98 

1-61 

204 

2-62 

3-22 

3-86 

4-60 

619* 

6-89 

660 

7-31 

808 

8-86 

9-68 

10-50 

11-37 

12-25 

1312 

14-00 

14-92 

15-84 

1676 

17-68 

18 68 

19-68 

20 68 

2168 

2276 

23-84 

24 92 

26-00 

28-18 

30-36 

32-68 

36-00 

37-40 

39-81 

42-33 

44-86 
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THE DISCHARGE OF WATER FROM 



Table XII. — Dischaboes fboh the primary channel in the 

FIRST COLUMN OF TaBLE XI. 

If the dimensions of the primary channel be in inches, divide 
the discharges in this table by 500 ; if in yards, multiply by 
16^6 ; and if in fathoms, by 88-3, &c. : see pp. 126, 127. The 
final figures in the discharges may be rejected when they do not 
exceed one-half per cent, or 0*5 in 100. (See pages 123 to 126.) 





Falls, inclinations, and 


discharges in cubic feet per minute. 


Depths of a 


InterpoUte for intermediate &Ils ; 


divide greater falls by 4, 


channel 




and double the 


i corresponding discharges. 




ivtiDiiA mMin 
















width is 


1 inch 


2 inches 


3 inches 


6 inches 


9 inches 


12 inches 


15 inches 


70:— in feet. 


per mile. 


per mile. 


per mile. 


per mile, 


per mile. 


per mile, 


per mile. 




1 in 63360 


lin31680 


1 in 21120 


1 in 10660 


1 in 7040. 


1 in 5280. 


1 in 4224. 


•125 


47 


72 


93 


139 


175 


205 


233 


•26 


136 


210 


268 


403 


506 


596 


675 


•876 


249 


389 


498 


746 


940 


1105 


1252 


•60 


387 


603 


770 


1156 


1454 


1709 


1935 


•626 


641 


849 


1078 


1617 


2036 


2395 


2714 


•76 


714 


1112 


1420 


2128 


2681 


3153 


3573 


•876 


900 


1401 


1791 


2686 


3382 


3978 


4507 


1- 


1100 


1714 


2190 


3283 


4134 


4862 


5507 


1-126 


1310 


2042 


2614 


3909 


4927 


6792 


6577 


1-26 


1534 


2384 


3058 


4681 


6766 


6780 


7690 


1-376 


1767 


2757 


3521 


6279 


6661 


7823 


8863 


1-60 


2013 


3142 


4006 


6016 


7588 


8915 


10099 


1-626 


2268 


3540 


4526 


6781 


8541 


10044 


11381 


1-76 


2534 


3960 


5053 


7570 


9537 


11210 


12703 


1-876 


2812 


4384 


6599 


8386 


10670 


12429 


14083 


2- 


3090 


4821 


6161 


9230 


11628 


13676 


15513 


2^126 


3377 


6273 


6738 


10092 


12718 


14956 


16943 


2-25 


3674 


5736 


7331 


10981 


13833 


16281 


18435 


2-376 


3977 


6210 


7937 


11889 


14981 


17645 


19960 


2-60 


4293 


6699 


8563 


12829 


16161 


19046 


21534 


2-625 


4616 


7203 


9204 


13800 


17380 


20434 


23135 


2-76 


4947 


7716 


9866 


14782 


18624 


21886 


24800 


2-875 


6280 


8233 


10526 


15773 


19887 


23360 


26473 


3- 


6621 


8762 


11204 


36788 


21165 


24833 


28176 


3126 


6972 


9310 


11900 


17830 


22454 


26410 


29925 


3-25 


6329 


9862 


12614 


18897 


23780 


27994 


81714 


3-376 


6689 


10420 


13320 


19963 


25146 


29570 


33507 


3-60 


7049 


10995 


14048 


21052 


26509 


31262 


36329 


3-626 


7418 


11574 


14785 


22153 


27906 


32860 


37186 


3-76 


7794 


12163 


15526 


23284 


29321 


34479 


39080 


3-876 


8178 


12753 


16283 


24416 


30756 


36170 


41013 


4- 


8566 


13354 


17070 


25592 


32226 


87898 


42964 


4-25 


9356 


14582 


18648 


27936 


85191 


41868 


46916 


4-50 


10173 


15849 


20267 


30366 


38254 


44982 


60973 


4-75 


11001 


17140 


21908 


32818 


41356 


48680 


55102 


5- 


11833 


18454 


23596 


35356 


44546 


52878 


69346 


6-25 


12696 


19802 


26362 


37939 


47795 


56209 


63688 


6-50 


13576 


21172 


27248 


40564 


51097 


60079 


68097 


6-76 


14478 


22580 


29160 


43253 


54478 


64058 


72591 


6- 




15393 


23996 


31122 


45969 


57897 


68082 


77154 
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Table XII. — Discharges from the primary channel in the 

FIRST COLUMN OF TaBLE XI. 

If the dimensions of the primary channel be in inches, divide the 
discharges in this table by 500 ; if in yards, multiply by 15*6, and 
if in fathoms by 88*2, &c. : see pp. 126 and 127. The final figures 
in the discharges may be rejected when they do not exceed one- 
half per cent, or 0*5 in 100. (See pages 123 to 126.) 



FallSj inclinations, and discharges in cubic, feet per minute. 

Interpolate for intermediate faWa ; divide greater ^Us by 4, 

and double the corresponding discharges. 



18 inches 


21 inches 


1 
24 inches 27 inches 


30 inches 


33 inches 


per mile, 


per mile, 


per mile. 


per mile. 


per mile, 


per mile, 


1 in 3520. 


1 in 3017. 


1 in 2640. 


1 in 2347. 


1 in 2112. 


1 in 1920. 


258 


281 


303 


823 


343 


362 


748 


815 


877 


936 


993 


1049 


1387 


1611 


1627 


1736 


1843 


1962 


2145 


2336 


2515 


2684 


2862 


3023 


3004 


3274 


8527 


3768 


4021 


4207 


8967 


4311 


4645 


4966 


5287 


5663 


4991 


5422 


5869 


6274 


6660 


6992 


6097 


6622 


7159 


7631 


8107 


8640 


7266 


7920 


8631 


9124 


9660 


10200 


8514 


9284 


9995 


10658 


11318 


11923 


9816 


10697 


11539 


12307 


13045 


13741 


11182 


12185 


13152 


14007 


14862 


16666 


12601 


13730 


14821 


16786 


16750 


17667 


14069 


15331 


16525 


17616 


18700 


19698 


15593 


16997 


18306 


19617 


20728 


21840 


17167 


18697 


20141 


21469 


22803 


24017 


18766 


20446 


22030 


23480 


24938 


26269 


20410 


22247 


23965 


26647 


27129 


28578 


22104 


24087 


25947 


27662 


29395 


30934 


23848 


25988 


27992 


29841 


31701 


33381 


25669 


27963 


30100 


32069 


34086 


36910 


27479 


29983 


32247 


34384 


36512 


38471 


29318 


81947 


34408 


36697 


38968 


41065 


31206 


34002 


36624 


39060 


41464 


43880 


33141 


36112 


38897 


41482 


44048 


46398 


85126 


38266 


41223 


43964 


46672 


49174 


37109 


40438 


48666 


46438 


49330 


61961 


39140 


42631 


46925 


48963 


51993 


54775 


41184 


44872 


48343 


51637 


54728 


57669 


43273 


47158 


50807 


54162 


57614 


60686 


45407 


49468 


53300 


56840 


60341 


63660 


47551 


51818 


56832 


59614 


63200 


66576 


51911 


565S6 


60973 


64974 


69013 


72694 


56448 


61508 


66176 


70623 


75017 


79017 


61014 


66500 


71625 


76408 


81097 


86426 


65713 


71628 


77140 


82260 


87361 


92016 


70509 


76863 


82779 


88200 


93731 


98729 


75383 


82159 


88434 


94344 


100200 


106650 


80379 


87690 


94348 


100616 


106823 


112540 


85407 


93093 


100275 


106911 


113505 


119616 



36 inches 
per mile, 
1 in 1760. 



380 

1100 

2037 

3155 

4414 

5817 

7342 

8974 

10693 

12520 

14479 

16448 

18652 

20696 

22944 

26242 

27601 

30027 

32512 

36096 

37725 

40415 

43136 

46896 

48747 

51664 

54686 

67660 

60680 

66784 

69961 

76383 

82994 

89767 

96653 

103746 

110905 

118264 

125664 



Depths of a 
channel 

whose mean 
width is 

70:— in feet. 



. -125 
•25 
•375 
•50 
•625 
•75 
•876 

1- 

1^125 

125 

1-375 

1-50 

1-625 

1-75 

1-876 

2- 

2-125 

2-25 

2-375 

2-60 

2-625 

2-75 

2-875 

3- 

3-125 

3-26 

3-376 

3-50 

3-626 

3-76 

3-875 

4- 

4-26 

4-60 

4-75 

5- 

5-26 

5-50 

6-76 

6- 
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THE DISCHARGE OF WATER FROM PIPES. 



TABLE XIII. — The square roots of the fifth powers of 

NUMBERS FOB FINDING THE DIAMETER OF A PIPE, OR DIMENSIONS 
OF A* CHANNEL FROM THE DISCHARGE, OR THE REVERSE ; SHOWING 
THE REUtTIVE DISCHARGING POWERS OP PIPES OF DIFFERENT DIA- 
METERS, AND OF ANY StMILAR CHANNELS WHATEVER, CLOSED OR 

OPEN. (See pages 13, 123, 124, &c.) 

If d be the diameter of a pipe, in feet, and d the discharge in 
cubic feet per minute^ then for long straight pipes we shall have, 
for velocities of nearly 3 feet per second, d = 2400(d^«)*, and 

d = -044 ( — J ; or if D be the discharge per second, d :^ 40 (d^sf, 
and d = -228 ( — ) • (See pages 112 to 121.) 



1 Relative 
■dimensions 
or 
diameters' 
of pipes. 


Relative 
discharg- 
ing powers. 


Relative 
dimensions 

or 
diameters 
of pipes. 


Relative 
discharg- 
ing powers. 


Relative 
dimensions 

or 
diameters 
of pipes. 


Relative 
discharg- 
ing powers. 


Relative 
dimensions 

or 
diameters 
of pipes. 


Relative 
discharg- 
ing powers. 


•26 


•031 


10-5 


357-2 


30^5 


6138- 


61- 


29062^ 


•6 


'177 


IV 


401 •S 


3V 


5351- 


62- 


80268- 


•75 


•485 


11-5 


448^6 


31^5 


5569- 


63- 


81603- 


1- 


1^ 


12- 


498^8 


32- 


6793^ 


64- 


82768- 


1-25 


1-747 


12-6 


552-4 


32-6 


6022^ 


66- 


34063^ 


1^6 


2-756 


13^ 


609-3 


33^ 


6256^ 


ee- 


86388- 


1-75 


4-051 


185 


669-6 


33-5 


6496- 


67- 


36744- 


2- 


6-657 


14^ 


733-4 


34- • 


6741- 


68- 


38181- 


2-25 


7^594 


14^6 


800-6 


845 


6991- 


69- 


39648- 


2-5 


9^882 


15- 


871-4 


85^ 


72i7- 


70- 


40996- 


2-75 


12^541 


15-6 


945^9 


865 


7509^ 


71- 


42476- 


8- 


15^588 


16- 


1024^ 


36^ 


7776^ 


72- 


43988- 


3-25 


19^042 


16-5 


1105^9 


86-5 


8049- 


78- 


45631- 


8-6 


22^91 8 


17- 


1191^6 


87- 


8327- 


74- 


47106- 


875 


27-232 


17-5 


1281^1 


375 


8611- 


75- 


48714- 


4- 


32- 


18- 


1874-6 


88^ 


8901- 


76- 


50354- 


4-25 


87^24 


18-5 


1472-1 


38-5 


9197- 


77- 


52027^ 


4-5 


42^96 


19- 


1573-6 


39- 


9498- 


78- 


68732^ 


4-75 


49^17 


19-5 


1679-1 


896 


9806- 


79- 


65471^ 


5- 


65-90 


20- 


1788-9 


40- 


10119- 


80- 


57243^ 


6-25 


63-15 


20-5 


1902-8 


41- 


10764- 


81- 


69049^ 


5-5 


70-94 


21- 


2020-9 


42- 


11432- 


82- 


60888- 


675 


79-28 


21-5 


2143-4 


43^ 


12125- 


88- 


62762- 


6- 


88^18 


22- 


2270^2 


44- 


12842- 


84- 


64661^ 


6-26 


9766 


22-5 


2401^4 


45^ 


18684- 


85- 


66611- 


6-5 


107^72 


23- 


2587^ 


46^ 


14351- 


86^ 


68688- 


675 


118^38 


23-6 


2677^1 


47^ 


15144- 


87^ 


70599- 


7- 


129-64 


24- 


2821^8 


48^ 


15968- 


88^ 


72646- 


7-25 


141-63 


24-5 


2971^1 


49^ 


16807- 


89- 


74727- 


7^6 


154-05 


25- 


3126^ 


50- 


17678- 


90- 


76848- 


776 


167-21 


26-5 


'8283-6 


61^ 


18575- 


91^ 


78996- 


8- 


181^02 


26- 


3446-9 


52- 


19499- 


92^ 


81184- 


8^25 


196^50 


26-6 


8615-1 


68^ 


20460- 


93^ 


88408^ 


8-5 


210^64 


27- 


3788- 


64- 


21428- 


94^ 


85668* 


8-75 


226^48 


27-5 


3965^8 


55- 


22434- 


95^ 


87966* 


9- 


243^ 


28- 


4148^6 


56- 


23468- 


96^ 


90298^ 


9-25 


260^23 


28-6 


4836^2 


67- 


24629- 


97^ 


92668^ 


9-5 


278^17 


29- 


4628^9 


58- 


25620^ 


98^ 


96075- 


9-76 


296^83 


29^5 


4726^7 


69^ 


26738- 


99^ 


97619^ 


10- 




316-23 


30- 

1 


4929-5 


60- 


27886- 


100- 


lOOOOO^ 
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